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NUCLEAR WEAPONS 


Preface 

1. This is a revised edition of the pamphlet entitled Nuclear Weapons* 
which was published in 1956. 

2. The 1956 edition described the general effects of a "nominal” atomic 
bomb and of "ID megaton”! hydrogen bomb. It was based on in form all on 
available in 1955. At that time no data were available for inclusion cm 
weapons of intermediate power, more appropriate to the type of target 
likely to be engaged in war. The present edition not only fills that gap but 
includes more reliable information which lias since become available from 
British and American trials of a variety of nuclear weapons of different 
types and powers. It reviews Ehe effects of nuclear detonations and of the 
basic principles for self preservation by the individual. It is intended 
primarily for use hy civil defence instructors and trainees but it is hoped 
that it will be read by other members of the public. Knowledge of the basic 
facts and of what to do in such a catastrophe as nuclear war could save 
countless lives from otherwise cenain death. 

3. For those readers who want more technical information than es given 
in the present pamphlet, the following authoritative publications are 
recommended : — 

'The Effects of Nuclear Weapons" issued by the IX S. Atomic Energy 
Commission in June 1957 and available from H.M. Stationery Office 
(price 18s.). 

xt The Hazards to Man of Nuclear anti Allied Radiations'' issued by the 
M ed Lea I Resea rcl i Council in June 1 956 ah d pu b! ished by li .MS tationery 
Officc T Cmd, 9780 (price 5s ( 6d,}. 

4. In a pamphlet covering u wide range of nuclear weapon effects, a 
certain it mount of repetition is inevitable: to aid the student of civil defence 
frequent cross references are made to other relevant paragraphs. In the 
numbering of the paragraphs, the first figure denotes the chapter number 
and the second ligure. or figures* the number of the paragraph in that 
chapter. 


* Manual of Civil Defence, Vol. [, Pnuplifct No, 1, published by H.M. Stationery 
Office. 

I For definitions, of weapon power see paragraph 1.10. 
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CHAPTER I 

General Features or Nuclear Weapons 


Introduction 

1.1 Conventional weapons contain chemical high explosives and on 
detonation energy is released as. a res nit of chemical changes. The 
atoms of carbon. hydrogen, oxygen and nitrogen originally com- 
bined in the RE, are released unchanged but recombine with oilier 
partners to form the waste products of the explosion, 

1.2 Weight for weight, nuclear explosives liberate vastly greater amounts 
of energy than convent tonal explosives and this energy comes from 
the inner core or nucleus of each atom. In nuclear cxplosK ms, mea- 
surable quantities of matter are converted into energy but only a few 
of the known elements have atoms capable of rej easing ni-ge 
quantities of nuclear energy. 


Fission (or atomic) weapons 

1.3 The lurse atoms of the heavy metals plutonium (made arliticialh in 
;sn atomic pile) and uranium can split into two no i quite equal 
parts, a process which is called FISSION. This is the process wlucn 
lakes place in the explosion of atomic weapons. 


Fusion (or hydrogen) weapons 

t.4 Another process by which nuclear energy can be released is called 
FUSION, because certain kinds of hydrogen atoms (called deuterium 
and tritium) can fuse together at temperatures of millions o .degrees 
Centigrade. This is nearly as hoi us the centre of the sun but such 
temperatures arc attained in the detonation ol an atomic Gsssori 
weapon. Fusion or hydrogen weapons therefore need a small 
atomic or fission charge as an initiator and for this reason they arc 
sometimes known as fission 'fusion devices and tire dossed as 
THERMONUCLEAR weapons. 

1 > For equal weights of nuclear explosive charge, the fusion or H-bomb 
releases about two-and- half times as much energy as the lission or 
atomic bomb. Another important difference is that the siJffi ot a 
purely fission-type bomb is limited because, above a certain critical 
size, a lamp of fissile material is self-disruptive. A fusion or hydrogen 
bomb on the other hand has no theoretical limit to a lx size other than 
convenience in delivery on to the target. IL is possible also to have a 
fi ssi o n - f Lisio n - fission type of thermonuclear weapon i in much a 
Fusion or hydrogen bomb containing a core of fickle Uranium;^ 
as an initiator is encased in a heavy container ol UramunwJs. I ms 
U -2 38 casing also undergoes fission from the high Speed neutrons 
produced in the hydrogen fusion detonation [see Appendix _ l, 
paragraph 14). and since the easing might be many times heavier 
than the fissile core of U-235, correspondingly larger quantities of 
fission products would be released as fall-out Jrom such a weapon. 

1.6 Some knowledge of the structure of atoms helps towards an under- 
standing of nuclear weapons and their effects : moreover, it is difficult 
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io describe some aspens of these weapons without using scientific 
terms like isotopes, neutrons, electrons, etc. Appendix l contains 
brief notes on the si rue Lure of matter,. on fission reactions and critical 
sixes ot fissile materials, and on thermonuclear fusion reactions. 

Energy distribution In a nuclear detonation 

1 . 7 . The large quantities of nuclear energy released in a detonation on or 
near ground level are distributed approximately in the following 
way : — 

45 per cent, in the form of blast and shook waves 
35 per cent, as light and beat radiation 
5 per cent, as initial nuclear radiations 
15 per cent, as residual radiation from fission products. 

IhS 'Blast and shock waves, and to a lesser extent light and heal (lash, 
arc effects common to both conventional M.E. and nuclear detona- 
tions. Nuclear radiations are new effects in warfare peculiar to 
nuclear weapons. The initial radiations include the instantaneous 
radiation and, by general acceptance, a!! nuclear radiations emitted 
within a minute of the detonation. The residual radiat ion conics from 
radioactive fission products which, together with the other contents 
of the bomb, arc vaporised by the intense heat in the fire-ball; 
when they condense on particles of debris or dust, these particles 
will fall to the ground as radioactive FALL-OUT over an extensive 
area. The residual radiation decays rapidly al first, but more slowly 
with time, and it may con finite to be a hazard for a long period. 

Weapon sizes, bomb power m yield 

1.9 The power of a nuclear weapon is r he total amount of energy 
released on detonation including all the Forms of energy Etientioncd 
in paragraph 1.7, and weapons cun now be “tailor made"' with 
varying powers to cause the maxi mum damage to any particular 
size and type of target. 

1. 10 Quantities of energy ae'e probably most familiar lo householders in 
terms of the electrical unit, the kilowatt-hour (one good electric fire 
burning for one hour) or of the heal unit the therm which is about 
-9 times larger than the KWHr. A unit about a million times larger 
than the KWHr. is needed to express the vast quantities of energy 
released in the detonation of an atomic bomb. The most convenient 
and appropriate one is die energy released by the detonation of 1,000 
tons ofT.X.T, which is called the kiloton (KT) unit. The advent of 
thermonuclear hydrogen bombs made it desirable to use a unit 
about LOCK) 1 1 mc> larger SLill and the megaton (MT) unit was 
adopted: el es equivalent to the cnersv released bv the detonation of 
1 *[>0€,000 tons of T.N.T. 

1.11 The bombs dropped on Hiroshima and Nagasaki had a power of 
about 10 KT which was subsequently referred to as a “nominal” 
atomic bomb. In recent years trials have been reported with thermo- 
nuclear weapons of up to about 15 MT in power, but there arc 
relatively few pollens fid targets in the world which would justify the 
use of so powerful ei weapon. 

1.12 In, 1 his pamphlet the term kiloton is reserved for those weapons; 
below 500 KT iri power and more powerful types arc referred to as 
megaton weapons. c,g, ;s 500 K'l weapon is classed as a half-megaton 
(I MT) weapon, In (a ter chapters the distances at which specific 
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effects arc likely to be produced have been tabulated for weapons of 

the following powers: , __ , in . ir 

20 KT. 100 K'l . i MT, t MT, 2 MT, 5 MT and 10 M 1 - 


The Ilreball and the cloud t r R 

The contents of a nuclear weapon arc vaporised in the luminous hre- 
baU which rapidly elands and cook io fo rmthc familiar radioactive 
mushroom drmd and stem. The fireball on “P^s.oo becomes 
lieliter than the surrounding atmosphere and it starts to snoot 
upward at speeds which may reach 200 to S miles per hour, b 
maximum size, its duration as a luminous fireball, the speed at 
which it will rise ynd the height to which the cloud will ascend, 
depend upon the power of the weapon and to some extent upon the 
height of burst and the prevailing meteorological conditions. 

1.14 The temperature of the air falls gradually with irtcreasing altituJg 
an j at /height, in northern temperate lal.tt.des, or about 35,000 
to 40 000 ft. there is a region called the tropopausc where tile ■ t 
pemturc remains constant al about -#TC: above this »*«*»“- 
Sphere The cloud produced by the detonation of a KT weapon, 
if it does reach the tropopause will not penetrate I arbu 
out into the well-known mushroom shape The clouds t com m i 
weapons/on the other hand, may penetrate the tropopaus, and nsc 
Lo heights of 20 miles or more into the stratosphere, depending up on 
the power of tine weapon. 

Types and heights tif burst 

1 1 5 T he effect 5 prod need by the d etonat ion of a n uclc a r weap on ca i ] vary 
ccSably according to the height at which u «s burst. Nuclear 
weapons may be fused to burst: 

(a) nn or near the grouod; _ , 

(b) in shallow water in a harbour, lake or nver, or m deep water 
at sea: 

(tr) high in the air. . r 

For each weapon of specific power there is a crifical height of 
bvi rst above which the fireball will not touch the grouno anil, hen™ 
it will not produce appreciable contamination on the ground beneath 
it, The critical heights for a range of weapon powers arc sho« 
Table 1. 


TABLE 1 


1 

Power tif bomb 

Ufaiimitm height for continuin' 
aims burst {in feet) 

20 KT 

6m 

100 KT 

1,100 

■! MT 

2.200 

\ MT 

2*900 

2 MT 

3,800 (about j mile) 

5 MT 

5,400 (about 1 mile) 

10 MT 

7,200 (about \\ mills) 
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Ground burst* 

LI 6 A ground burst is ceil- in which the weapon is detonated below the 
critical height. i,e. either on the ground or at such a low altitude that 
an appreciable part of (he fireball touches the surface beneath it. As 
the fire ball shoots upward it nor only carries up with it much vapor- 
ised material, but it leaves behind a partial vacuum and this causes a 
strong wind directed inwards and upwards towards the centre of the 
fireball. As this wind speed may be 20b or more mites per hour it will 
carry with ii large quantities of dust and debris on which the radio- 
eil'Ilvc fission products can condense, and these radioactive particles 
will be ultimately deposited on the ground as fall-out, 

IJ7 l.Eirgc pieces of debris and particles of over 2 millimetres in size will 
probably fall in the vicinity of the crater: smaller particles, carried to 
various altitudes in the cloud, wilt full at lower speeds which will 
depend upon their size and shape;, and in falling they will be carried 
along by the prevailing winds, which may differ considerably both 
in strength ami direction at different height levels. 

1 -IS f n a grou n d b urst, an ap prcc i a hi c fra ct ion of the t ot al e it ergy rele used 
is dissipated in forming a crater, and some of the initial heat and 
nuclear radiations will be absorbed in the material displaced and 
lifted from the crater. Consequently, the ranges of blast damage, of 
lires and skin burns and of effects from initial nuclear radiation will 
he less than they would be Ibr u comparable air burst. 

Water bursts 

1.19 These are detonations in shallow water or at such a height that the 
fireball touches the water surface. Large quantities of water and 
bottom mud will be carried up into the fireball and w her the vapor- 
ised water in the cloud reaches a high altitude, it will condense to 
rain and bring down with it radioactive fission products some of 
which may be dissolved in the rain drops. The fall-out pattern on 
neighbouring land will be less extensive but more intensely radio- 
active than from a ground hurst. Wet fall-out may be ei]so much 
more difficult to remove, especially from rough or porous surfaces, 
than the relatively dry particles which occur in fall -out from ii 
ground burst. 

1.2fi A nuclear weapon may burst in deep water and. apart from the 
absence of mud, (he effects will be similar to (hose from a surface 
burs; except that a larger Fraction of the total energy released will be 
expended in vaporising more water, in producing a shock wave 
through the water, and in forming surface waves. Most of the fission 
products will be trapped in the water near the burst and will dilTuse 
and disperse rapidly. 

Air bursts 

1.21 An air burst is one in which the weapon is detonated above the 
critical height und (be fireball is well clear of the surface beneath it. 

[ here will be very few dust particles to which the vaporised fission 
products can adhere and they will therefore condense to minute 
particles with such a low speed of fall that they will have been dis- 
persed fartsnd wide by the winds before they reach the ground. No 
significant fall-out hazard will occur from this type of burst except 
perhaps in places where heavy rainfall has carried down some of the 
fission products from the lower pit r is of the cloud before it has dis- 
persed. 


t n For even/ weapon there is an optimum height of burst which vi ill 
LI2 blast effect /in 

height is significantly greater than the critical height i « which me 

flrehal! will just much the ground, c.g. lor a 20 „f L^fE a ho ut 
err leal heh-ht is 600 ft, and the optimum height 01 burst 11 #M 
VJim ft fcr datnaee in a typical British city. The corresponding data 
r“fo MT W«pln arc Xnt I -36 miles for the ethical height and 
about i -0 miles Tor the optimum height- 

<«Qhd 4 ’ ami “flirty” bombs 

Possible methods of attack with nuclear weapons 

1 ra Weapon design 1ms improved so much that it is possible to mcor- 
ncrate mega on warheads in a variety of weapons, including ballistic 
missiles'wfth a range of several thousand miles. Possible means of 
delivery arc listed below' 

(i) Manned bombers (subsonic or stiperecunich 

(ji) Long-range pilotless aircraft released from hind or from 

skips at extreme ranges. 

(jjj) Long-range guided bombs released from aircraft several 
hundred miles from the target* . 

r jv , -R^iiknc missiles — IRBM*s (Intermediate Ratige Ballistic 
M issiles) and lCBM’s (lutcr-Omtincnlal 
released at extreme ranges from laud, ships olt-shoit, 
from submerged submarines. 

(v) Undercover methods of attack. 

i 04 Missiles with Winns can be guided over the whole range to the target 
1 but sinccXV depend on air to feed the engine, to support the wing 
loading and to exerL forces on control surfaces, they arc hunted n 
sr^ind height of operation and arc therefore more vulnerable o 

counter attack than ballistic missiles. 1 he ,a . It ^ 1 ^.?one t the 

the correct direction and altitude to reach the uir gel ' 

rocket motor is operating; thereafter they must follow a ballistic 
t i , ■! v . l - - ais iYhis-t. ^ o □ n However, ballistic missiles travel tor 
S&S&tSis of several hundred miles where there 
: , rsr-iriicallv no air resistance and they can reach maximum speeds of 
S3 per ho and average range speeds of several thousand 
idkf per hour. Nothing has been disclosed about the accuracy of 
exi slime. !RBM T s or prototype ICJJM s buL with good cpuipmc n . an 
an efficient guidance system, the error in the point or impact should 
not be greater than the extreme ranges ol damage and fire fro 
larger megaton weapons. Ballistic missiles have p ne 
wcSpcms of war their trajectory lakes them above the earth s 

atmosphere, and the beating effect due to air b \ 

mav cause them to heat up and become distorted. 1 1 is can oe 
SSdS at the expense of additional complications m design and 
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reduced size of warhead, but such weapons will remain vulnerable 
eo the interne heat effect from a defensive nuclear missile detonated 
in tJie vicinity of tEie attacking weapon. 

1 + 26 The major problems in countering attacks from iRBM’a and 
ICBM's within the time available between launching and impact arc 
to detect the weapon, to compute its ballistic path and to lire and 
detonate a defensive nuclear missile at a high altitude and close 
enough to its path to destroy it. These problems are being studied 
and may be solved as a resell of further advances in radar tracking 
equipment and high-speed electronic computing machines. 

Factors affecting an attach 

1.27 The damage to lifts and property that might be caused by nuclear 
detonations would depend upon: — 

fi) 1 be bomb power, which might be anything from a few 
kilotons. up to the megaton range. 

i'ii) The type of burst, e.g. air. water or ground- burst, and where 
i£ occurred, 

(hi) 1 he prevailing meteorological conditions, i,e. wind strengths 
and directions at all levels through which radioactive panicles 
might fall. 

(iv) 1 he method of attack and the time available for warning the 
public to take cover: this might be reduced to minutes in an 
attack with IRBM’s or ICBM's. 

(v) The protective measures taken before and after the detona- 
tion, 

ivi) The knowledge of the public of nuclear hazards, and their 
sense of discipline and read in css to respond io ofltcial advice 
o3i protective measures. 

(vri) The proficiency of all services connected with civil defence 
in correctly advising die public, in lighting fires and carrying 
out other lift-saving operations. 

Lstinuatioa of ranges of effects from bombs of rlitfcrenE power 

1.28 hi planning civil defence operations after an attack with nuclear 
weapons, information would be needed for each detonation on; — 

iff) The power or yield of the weapon. 

■h) The time and the location. i,e. ground zero (GZ) of burst. 

(c) The height of burst, 

id) The Wind strengths and directions aL all levels up to the Lop of 
the highest radioactive cloud. 

How this information would be obtained is described in Chapter 

ITT. 

1 .29 When the above facts were known, simple methods wo aid be required 
for estimating quickly the ranges of the various effects produced 
by the weapon sizes used. Such estimates would be needed to assess 
the overall magnitude of the civil defence problems and tasks and 
they would include the ranges of varying degrees of structural 
d mm age, of road blockage, of fires and skin bums and of the main 
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lire zone as well as the ranges of lethal and sickness effects from 
initial radiation, and the extent of the residual radiation hazard 
from the subsequent fall-out pattern. 

1 30 Tables showing the approximate ranges of the major effects of 20 
KT s 100 KT. i MT, 1 MT; 2 MT, 5 MT and 10 MT weapons are 
included in later chapters for ready reference. For weapons of inter- 
mediate powers, the ranges may he estimated roughly by interpola- 
tion, or they can be calculated from the simple basic principles and 
scaling Jaws from which the tables were derived (see Appendix 

The “inverse square” law (applies to radiation from point sources) 

1.31 The intensity of radiation received by a man exposed to a single 
source such as the fireball of a unclear weapon decreases rapidly the 
further away he is from the fireball if the distance is doublet! the 
intensity falls to a quarter of its previous value, and if the distance is 
trebled it falls to a ninth, i.e, (If - In other words, it decreases 

by a factor which is proportional to the square ot the distance horn 
the fireball This “inverse square" law applies to all forms of radi- 
ation, light, heat initial and residual nuclear radiations lead radio- 
active fallout particle can be regarded as a point source) an J is one 
of iht reasons why it is desirable tn slicker in the basement or in an 
inner room of a house to get a* far away as possible from sources 
of penetrating gamma radiation such as fall-out on (he roof and 
around she outside walls. 

] 32 In practice, other factors make ihe dose of thermal or nuclear radi- 
ation received by a man decrease more rapidly with distance than 
would be predicted from the “inverse square law. L or example, 
neutrons are absorbed by the atoms o! nitrogen, gamma rays are 
scattered by the atoms of oxygen and nitrogen in the air, and heat 
radiation may he scattered or reflected back by dust particles and 
moisture droplets in the air: all. such processes result in attenuation 
of the radiation. Fires and bums depend not only on the total 
amount of heat received but also on the rate at which it falls on a 
surface. These additional influences arc discussed in Chapters IV 
and V. 

Sea! ini' laws for the effects of different bonih powers 

1.33 Scaling laws have been devised for estimating the ranges at which 
speci he effects will result from midear weapons of different powers. 
They are based on scientific principles modified by the results of 
field trials. The range tables in later chapters have been calculated 
using these scaling laws, and the known ranges of effects of 1 KT or 
1 MT nuclear detonations. 

134 Scaling laws for the more important effects of nuclear weapons are 
given in Appendix 2, but since most of these effects arc proportional 
to the cube root of the weapon power dais “cube root" law is out- 
lined below. 

The “cube runt” taw (of weapon power) 

1 35 By definition the total energy released in a nuclear detonation is the 
power of the weapon. Thus, a 10 MT bomb is 500 times as power! ul 
as a 20 KT bomb and so liberates 500 times as much energy id each 
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of the forms of radiation, blast and fission products. Now the cube 
root of 500 or y500 Is nearly S and it has been found that die two 
weapons produce the same peak pressure (blast in tensity) at distances 
Irorn their respective explosions which differ by a factor of fi, re. 
the peak pressure at any selected distance, say l mile, from the 20 KT 
detonation will be the same as the peak pressure, at I y'500 — 8 
miles from the 10 MT detonation. A I MT weapon is 1,000 times as 
powerful as a \ KT weap on and will give the same peak pressure at a 
distance which is I ,0£>0— I fl times greater. In general, a detonation 
ol W kilotons in power will give the same peak pressure as a 1 KT 

weapon at y'W i i.e. die cube root of the power) limes the distance 
l mm the centre of the explosion, 

1.36 The siructurai damage caused by nuclear detonations is determined 
largely by the magnitude of [lie peak shock pressure at the point In 
question r but the duration of the positive phase of the shock wave 
aho contributes to collapse in larger buildings. Both ifie duration 
of the shock wave and the time of arrival are increased by a factor of 
v W. fora Weapon of W kilotons in power, relative to those times 
tor a f K I weapon, at points where the peak pressure from each of 
these weapons is the same. 

1.37 Areas enclosing the saute category of building damage also have 
radii which correspond to the -‘cube root” law of weapon yield and, 
hence, the extent of such areas can be calculated fora weapon of any 
given power, 

L38 I i le d ia me ter of t he crate r from a g rou n tf 'burst weapon also seal es i n 
accordance with the “cube root” law hue more complicated scaling 
iaws_are necessary for the dcpt.'i ol ilic crater, the maximum size of 
the fireball, the dimensions of the the radioactive cloud after it has 
become stabilised (i.e r stopped ascending) and the effects of different 
wind speeds on the shape of the fall-out pattern. These arc given in 
Appendix 2 and where possible they have been incorporated in the 
range tables in the later chapters. 
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CHAPTER II 

Biological Effects of Nuclear Radiations 


2.1 


Id traduction 

The human body j s a highly complex organisation of delicate con- 
(rnliinc mechanisms based on physical and chemical processes most 
of which tire not yet fully understood. The primary vuect ol ruicleai 
radiations is to release electrical charges within the cells o‘ the body; 
these charges can interfere with one or more vital functions and cause 
many secondary functional disorders us well as reduced resistance no 
disease. Hence, correlation of cause and effect becomes difficult and 
sometimes impossible. 


Units: roentgens and curies 

2.2 The curie unit is a measure of the quantity of radioactive matter and 
the roentgen unit is a measure of the total amount of radiation 
received by any particular object. The intensity of radial ion or dose 
rate at anv moment in measured in roentgens per Stour or r.p.n. lor 
short Another unit of dose called the rad is becoming more com- 
mon but fur civil defence purposes the rad and the roentgen can be 
taken as equal-* Sub-units of one thousandth, c.g. the iruilicunc 
(me) and the mil Si roentgen ft ir); or one millionth, e.g, the micro- 
curie, are frequently necessary, particularly in connection with 
internal body contamination. 


2.3 As regards the magnitude of these units* the radioactiv ] *y releasedm 
a nuclear fission detonation is about 300 megacimes, i.e. 300,000,000 
curies of gamma rays forest-/,' kilolon at bomb power (see paragrapi 
I ] 0) while at the other end of the scale a tenth of a nucrocune as the 
maximum permissible limit which is allowed to accumulate inside 
the body of anyone whose work involves the use of radium. 


Relation between dose-rate ana! deposited activity 

2 4 When radioactive fall-out is deposited uniformly over a large Elat* 
smooth area the dose-rate at 3 ft. above the surface will be about 
10 r.n.h, for every curie of activity per square yard ot surface. On 
uneven ploughed or rough ground, bumps and ridges will absorb 
some of the slant rays and this relationship between dose-rale and 
deposit is reduced to about 6 r,p,h. per curie per square yard. 


* A ciine in 3.7 l'0 l * disintegrating atoms per second, crigmalEy ihy activity of 1 

gram of radium. It is Lu be noted, however, hud not every diaEntcgmiiOD refcniiesa gamma 

fiiy. 

a j-ueniRen is the dose ofX or gamma rays which will produce um electrostatic unit 
or clocuidiy [uboul 2*000,000,000 separate pairs of charges) in each cubic ccniiitMlre 
of air under standard conditions; this is equivalent io the absorption of 97 
in l gram of liumun tissue. The. rad {radiation absorbed dose) corresponds to an absorp- 
tion of 100 erj^ of energy in 1 gram of (issue. 
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Individual sensitivity ^ sub-lethal doses 

2.5 Individuals differ in their sensitivity to radiation and this makes it 
necessary to employ statistical methods for determining biological 
effects. Similar methods arc used in public health and insurance 
problems and in determining the effective or lethal doses of poisons 
and of chemical or biological warfare agents. For example, a Tew 
individuals are very sensitive to relatively small doses of radiation or 
of poisons white, at the other extreme, a few are capable of surviving 
heavy doses which would kill most of their kmd. It \s> difficult, 
therefore, to specify the minimum dose which would kill all the 
individuals In a large group of the same species, but the dose which 
would he lethal for 50 per cent, of the group can be specified within 
approximate limits; this is called the ID 50 or she dose at which 
each individual has a fifty-fifty chance of survival. 

2.6 The best estimate that can be given at present for this lethal dose of 
radiation to human beings is that the LD 5(1 lies somewhere between 
d 5 Hr and 500r if the dose is received within a few days and affects Lhe 
whole body. This would, of course, have to be measured with an 
instrument in air and held close to the body: sf ft could he measured 
ii-i ihc deeper tissues of the body it would be considerably (css because 
ns absorption in the body. The dose which is lethal becomes progres- 
sively larger as it h spread over weeks or months at correspondingly 
lower dose -rates. The reason is that the body is capable, in limc.'of 
recovering from most types of injury including those caused by 
radiation. 

2.7 It would be of great importance, particularly in civil defence opent- 
t ions* to know the precise effects of radiation exposures considerably 
below the LI} 50 and En the range or 5U lo 500 roentgens. U n forum- 
iLLdy, the permanent effects do not become manifest for n long Lime 
after the exposure, and earlier symptoms may be obscured by the 
resile nee oi tile Inimiin body in its ability Lo repair injury. 

Relation between dose and effecr? 

2.S Table 2 represents the most reliable summary of available know- 
ledge on the relation between dose and immediate sick si ess effects in 
hurtian beings. Ihc general effects will he simitar whether the dose is 
received in 4 hours or is spread over several days. 


TABLE 2 

Immediate sickness L-fTcci-r or wltu-le body iunihiTiE radiation 
«n human beings 

Nate: All ensure causes injur, to the body ami it should therefore be limited 

(o tlia absolute minimum 


Dim in rsenigeizs 

Un to J 50 
150 lu 250 . . 
250 lo 350 

350 to GOD 

Over 600 


Effect. s 

Mo acute effects bni incrbiisinigly serious fonij-tcrm: 
hazard. 

NudSfei and vomiting within 34 hours: some Enainaci- 
iation after 2 days. 

Nausea and vomiting in under A hout* ; symplom- 
Uee period 4\i hours to 2 weeks ; some mortal ft v 
will occur in 2 to 4 weeks, 

Nelu.^ and vomiting En under 2 hours ; heavy 
mortal ip u; r|.a in in 2 to 4 weeks : incapacitation 
prolonged for survivors. 

Nausea and vomiting almost immediately : mortalJcv 
in ! week. 
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t 9 There is general agreement among medical experts that any increase 
ir radiation dosage to more than a few times that of the n-tirf 
background (about <H roentgen per year average in the U R ) is 
likely to prove harmful to the genetic heritage of a population. It ss, 

■i >wevcr not vet possible to define the hazard in quantitative term* 
Stabte for the otter tend. oK life. In pea™, 

nuclear power stations and the use of radioactive isotopes in me 
cine and industry offer m tiny benefits, bat like other iicw ^dustri 
they present hazards for which pr ecuut. ons and tolerance limits have 
io be screed and accepted. In the catastrophe of a mielear war. large 
sections of the population would have no choice but lo try to avoid 
nr reduce the serious radiation hazard, by seeking the best possible 
cover dnrh'g die early period of rapid decay of the radtoactwity 
and by submitting to disciplinary control of the daily periods ot 
outdoor exposure for some time thereafter. Under these encum- 
sianccs the tolerance dose limit for civil defence workers becomes a 
Sr of opinion based on an attempt to balance the benetits of 
saving life and the means of subsistence of the survivor*, against the 
radiation injuries which might develop m these workers at a much 

later date. 

Wax-time emergency dose + 

2 iu In the 1956 edition of "Nuclear Weapons , a dose of Lr vas 
suggested us permissible in war time for a single exposure Spread 
over i few hours) with the proviso that, if the exposure was fairly 
uniform over a period of 2 to 3 days, people could probably take 
up to about 60r without being tiny more liable to radiation 
than after receiving 25r in one short spell of three or lour hours 
In the fight. of the reassessment, in Tabic 2. of the immediate effects 
of radiation and allowing for the variation in the sensitivity of 
individuals to radiation, it has now been agreed that ® 
emeremev dose of 15? should apply to all persons engaged m civi 
defence life saving operations. Discretion would be given to uni 
commanders to continue with the tusk in hand up to a 
doge of lOOr if the unit was not relieved beforehand, With tfiis 
cxcention no one but the Regional Commissioner or a person to 
whom lie hud delegated the responsibility would have authority to 
sanction an increase in the war-time emergency dose of 75r tor arty 
pari of the forces engaged on an operation in Ins Region, 

Recovery effect and subsequent permissible doses 
2 11 Civil defence workers who receive the war-time emergency dose o 
75 r should not be exposed to further radiation until they have bad 
time to recover significantly from radiation injury. Unfortunately 
™ recovery processes in the human body are not understood 
although much work on this subject is in progress throughout 
the world. At present, all that can be said with certainty is that, after 
exposure has erased, a substantial amount or recovery takes place 
within a few weeks and that further doses of radiation may be taken 
without producing radiation sickness, but at the penalty ot increased 
risk of long-term injury. How Jong it will be desirable to wait U-tfr 
taking a dose of 75i and before accepting the risk of a further dose, 
and the amount which could be then taken without incurring radi- 
ation sickness, are questions which musL be decided Inter in the hght 
either of further knowledge or of the prevailing war-ttme circum- 
stances. 
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2J2 The biological effects of nuclear radiation on the whole body (i.e. 
all-round radiation 17 ) may become apparent in four successive 
phases which are described in the following paragraphs. 

Radial ion sickness 

2J3 Radiation sickness is caused primarily by damage to the gastro- 
intestinal tract and it may develop within a few hours to a day after 
exposure, depending on the dose received. It may last 2 to 3 days and 
be followed by a period of well- being and apparent recovery. On an 
average, radiation .sickness will occur as a result of a dose above 
1 5 !. fr. I he sy m pto m s a re fa ti guc, nan sea , i n d i gest ion J o ss o f appet i te 
and, as the dose increases., these symptoms may he accompanied bv 
vomiting, diarrhoea, possibly with blood. The time at which these 
symptoms occurred might indeed be the only due to the dose that a 
pci^son has received. 

Delayed effects 

2. 14 Delayed effects are caused mainly by injury to the blood-forming 
sysLcm and they may appear after a latent period of up to 4 weeks 
according to dose, with loss of body hair and with the appearance of 
blood spots due to haemorrhages under the skin. No exact figure 
can be given for the dose which will produce Lhese svrnptoms, hut 
they maybe expected Id some i ndivi dun Is exposed to doses of between 
I50r and 2f>0r and. in the lower ranges, the effects are not necessarily 
incapacitating. 


LoDB-fcrm injuries to the individual 

2.15 These include anaemia, leukaemia (a form of blood cancer, with a 
latent period of 3 to 6 years), tumours and cancers of the bo ties or 
L ' ssues which may develop several or many vears after exposure. 
Premature ageing may occur with doses nearer to 4Q0r but it is not 
dear if this is a direct effect or' radiation or merely a consequence of 
the secondary effects and the reduced resistance to disease. Whether 
or not there is a threshold dose of radiation which in lbs t be exceeded 
before fee long-term effects will occur is still an open question 
since at doses below lOOr the incidence of fee effects ig so small 
injbi it has not been possible to determine it it] human beings. In the 
present state of knowledge, and for civil defence purposes* it should 
be assumed that fee is a slightly increased risk of leukaemia and 
cancer as ,, result of doses of about 100r and that tills risk will 
increase m proportion al higher doses. 

Genetic damage 

2J<5 Genetic damage is caused by radiation on the reproductive organs 
and germ celb which transmit heritable characteristics to subsequent 
generations, Here it is necessary to regard a population as a whole 
with u pool of transmissible characteristics. It appears that the 
damage caused by radiation is directly proportional to the dose 
whether this is all received by a few individuals or is uiven in sinal !er 
doses to a large number of individuals. 


be loleralfid if a part of ih t body, in particular, a whole limb 
ur the iibaomun, js wo I f sludged. 
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2 17 Until more is known about human genetics there would be a com- 
pelling need in all civil defence operations, as indeed ^ ^ 

occupations involving radiation hazards, to restrict radiation .to the 
minimum number of people, prderably to people over the age of 5. 
and Lo the absolute mini mu in dosages consistent with the human i 
tarian tasks of rescue, life-saving and preservation of the means of 
subsistence of the survivors from nuclear detonations. 

Radioactive strontium 

-v IS Brief mention must be made here or the problem ot radioactive 
+ strontium because it Sms attracted SO much public attention. The 
radioactive strontium isotopes among the fission products of a 
nuclear weapon arc Strontium 89 which has a half life 
3 i) of about 54 da vs and Strontium 90 which has a half Life 
28 years. Both of these emit beta* particles but no gamma mdiation, 
some Sr 90 may accumulate and persist in growing hone for man 
years but the beta particles have a very short range and they can onl> 
nllbcL the tissue m the immediate vicinity of the bone and do not 
reach the reproductive cells. Radioactive strontiums not therefore 
a genetic haitlrd. nor is radioactive iodine which tends to accumulate 
in” the thvroid aland in the neck and which has a relatively short 
half life of about 8 days. The hazard from radioactive isctopc* 
which tend Lo accumulate and persist in certain body organs ■ (see 
paragraph 8,12) arises primarily when cotitamma ed foodo liquid 
is eaten or drunk, and this is dealt with more fully in Chapter X, 


■ See paragraph fi, Appendix ]. 
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C H AFTER I IT 


Instruments for Delecting and Measuring 
Ihe Effects of Nuclear Explosions 

Radioactive decay rates; half lives of radioactive isotopes 

3*1 A piece of radioactive matter the size of a pinhead contains some 
million, million, million atoms and it is entirely a mEitter of chance 
when any particular atom will disintegrate and decay into a stable 
non-radioactive form. The process of decay cannot he influenced by 
heat, pressure or chemical reaction but it is possible to measure its 
rate and to determine what fraction of the initial number of atoms 
present will have decayed after any chosen lime. A convenient wav of 
expressing this is the “half life” that is the time by which half of the 
atoms originally present will have decayed. Like the death or birth 
rate in a population it is independent of the size of Ihe population 
(as long as this is a large number). The half life is a constant for each 
isotope; it is characteristic of that isotope and offers a convenient 
means of identifying it, 

3.2 It lias already been mentioned that about 201) isotopes or different 
radioactive species of the atoms of about 35 of the elements are 
released in a nuclear fission detonation. The half lives of these fission 
product isotopes vary from a fraction of a second to thousands of 
years, "'he rate of decay of the mixed fission products is rapid at first 
but it slows down in rime as the shorter-lived isotopes disappear. It 
has been found that, from I hour after detonation up to about 200 
days, the decay rate of ah the various isotopes can be averaged in 
such a way that a mathematical formula* can be used Lo estimate 
the activity at any time provided its value has been measured at a 
known time. This formula is referred to as the “t to the minus one 
poinr two decay law . It must, however, be clearly emphasised that 
v h:i 5 t this taw maj be assumed for tile purposes of exercises and 
studies, there may w d[ he variations and departures from it in any 
actual burst. 

Radian calculator and seven-tenths rule 

3.3 The use this mathematical formula tor fission product decay 
requires 3 oga rith m ic ta bl cs nr a graph w ith a cu rve s ho wi Tig the d ecay 
of a standard unit of activity plotted against time, or the circular 
radiac calculator No. If which lias instructions for use primed on 
I he back. For many civil defence purposes the seven-tenths rule 



* This formula fc n t = r, or K f .t 

t 'Q 

Where R, is the derate in r.p.h. at 1 hour after brot and R t is the dOSc-mc at any 
later time i hour), 

t The pint aide only of the calculator disc should be used ; the blue side is now 
obsolete. 
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enables one to make a quick approximate mental calculation of the 
radiation level M any time from a single measurement at ll known 
Lime. This rule is that the intensity of radiation fails by a factor oj 
10 rts the time lengthens bv a factor oj 7. Its application is illustrated 
in Table 3 for a dose rate of 100 r.p.h. measured at f hoar after a 
nuclear detonation- 


TAHITI 3 


Tim e after burst 

Time 

factor 

Dast'-nue 

r.p.h. 

Bnse-rtite 

factor 

1 hour 
14 hoars 
7 tiuura 

2 days (43 hi$) 
2 weeks 

14 weeks 

1 

7/4 

7 

7X7 
7x7x7 
7x 7X7x7 

100 

50 

10 

1 

OJ 

0.1 

1 

i 

IjW 
1/100 
i; 1,000 

l/1 0.000 


The 50 r r h fi i»u re has been intruded :i_h it is often useful to know that the 
dose’TJle will be halved when the time is incased by a factor of i{4> 


Assembly and reporting of Information about nuclear explosions 

3 4 The Royal Observer Corps, which has a country- wide network of 
observer posts (R.O.C posts') and protected accommodation, would 
be responsible for locating and measuring nuclear detonations and 
for reporting and tracking rail-cut. Qn the explosion of a nuclear 
weapon information from R..O.C posts relating to the power 
location and height of burst of the explosion would be transmitted 
via ROC Group Headquarters to the appropriate Sector Opc ra- 
tions Centre of the United Kingdom Wanting and Monitoring 
Organisation., which would also receive six-hourly meteorological 
reports containing the mean wind speeds and d i reciioiis from the 
ground up to various levels, extending to at least 80,000 ft. and. il 
required, to 100,000 ft. At the Sector Operations Centre, members 
of the Warning Organisation* in conjunction with meteorologists ot 
the Air Ministry Meteorological Office, would process the informa- 
tion This would enable a broad prediction to be made of the 
territory likclv to he covered by fall-out and a preliminary (Grey) 

■ fall-out warning would be issued to the districts concerned wherever 
time permitted. Warning Officers stationed at R.O.C. Group Head- 
quarters would also collate the information from R.O.C. posts and 
would issue fall-out warnings within the Royal Observer Corps 
Group if the Sector was unable to function, I'hc necessary informa- 
tion would be passed to Civil Defence Controls so that they too 
would be in a position to predict the likelihood ami possible limits 
of fall-out. In addition, local monitoring would be undertaken by 
the Civil Defence Corps from warden posts and similar reporting 

agencies. 

3 5 When the radiac instruments in a R.O.C. post began to record fall- 
out the time of arrival of the fall-out and (at short intervals) the 
dose- rate would be reported to the Sector Operations Centre via 
ROC Group Headquarters. The Sector Operations Centre receiv- 
ing such information from u number of posts would be able to plot 
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on a map the boundaries of tiie advancing front of flic fall-out. They 
would be able to correct previous predictions, to issue a 'Tall-om 
imminent” warning (Black) to the areas which would be affected and 
to cancel warnings previously issued to districts which would not be 
affected. Since the individual R.O.C posts an; several miles apart, 
the general broad picture, of fall-out received from this network 
would be supplemented in greater detail from local warden posts as 
required. 

3.6 The various instruments which have been developed for determining 
the position and power of a nuclear expEosi on (including the height 
of burst), for detecting radioactivity and for measuring radiation 
intensity are described below. 

Ground seem indicator (see Plates 3 and 4) 

3.7 This instrument, with which R.O.C. poms wifi be equipped, records 
the line of sight to the point of detonation, j.e. the compass bearing 
and elevation of the burst. From the records of such instruments at 
two or more posts. Lite height of burst and the location of ground 
zero below it can be determined by trianguiation. It is, in effect, 
a simple pinhole camera in which the image of the fireball together 
with that of a locating grid showing bearing and elevation ts photo- 
graphed by the bomb flash on sensitised paper, All-round vision is 
secured by the cylindrical case with four pinholes at intervals of 90 
degrees. The sheets of sensitised paper are held in four transparent 
plastic cEEscltes concave towards each pinhole. The bearing and 
elevation grids arc printed on the caseties and numbered for each 
appropriate compass quadrant. The sensitised sheets (which require 
no developing! should be collected as soon as possible after each 
detonation and [0 do this an observer has to come out of Elie under- 
ground post for one or two minutes. I he instrument will be mounted 
on a pedestal previously erected and oriented with respect to true 
North. 

Bomb power indicator 

3.S This instrument is under development with a view to its eventual 
installation in R..G.C, posts. It will consist of a bellows-operated 
pressure gauge with a pointer which remains at the indicated peak 
pressure after the passage of a shock wave: it then has to he reset by 
hand. From this reading of peak pressure, together with the known 
distance of the post from the point of burst (obtained by triangula- 
tion of bearings Tram the ground zero indicators), the power or 
yield of the bomb could be ascertained, with sufficient accuracy for 
civil defence purposes, from tables or graphs showing peak pressures 
at various distances for bombs of different powers, 

Remote indicating fixed survey meter 

3.9 Underground R.O.C. posts arc protected against blast and nuclear 
radiation and would be expected to maintain a steady flow of infor- 
mation even if they were located relatively dose to a nuclear burst 
or in areas of heavy fall-out. For this purpose they will be provided 
with remote indicating fixed survey meters to enable observers inside 
the post to report dose-rates above and outside the post at 5 minute 
or other required intervals. 
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3. 10 ' rh i 5 i nstru ment is a mod i ficat i on of the I igbtweight su rvey m etc r < see 
paragraph 3.17) from which the ion chamber has been removed ana 
connected to the recording instrument by a cable 1 6 ft. long. This ion 
chamber is pushed up through a 4 in. diameter pipe in the concrete 
roof of the underground post: the pipe ex (ends to a height of 2 ft- 
above ground I eve] and the flange at the top is surmounted by a 
plastic dome which extends upwards for a further IS in. The ion 
chamber is pushed up into the plastic dome, which is designed to 
have the same blast resistance as the post. The dome protects the ion 
chamber from contamination by falt-out and yet remains virtually 
transparent to gamma radiation with no significant reduction m the 
measured externa! dose-rate. 

3.11 'I 'he recordin g in stru ment has a lo gari th n lie* scale readin g from 0 1 o 
5U0 roentgen s per hour (r.p.h.). Before the external dose- rate rises 
above 500 r.ph. it should be compared with the dose-rate measured 
when the probe is withdrawn inside the post, this ratio o' external to 
internal dose-rate would be the protective factor of the post, and it 
would be used lu calculate external dose- rates in excess of 500 r.p.h, 
from the dose-rates measured with the probe withdrawn inside the 
post. Consideration is being given lo the installation ol remote 
indicating fixed survey meters at civil defence control centres where 
conditions are suitable for their use. 

Other rad Sue instruments 

3.12 Instruments of several types have been designed to detect the pre- 
sence of radioactivity or lo measure the intensity of radiation. Most 
of these instruments depend on the property possessed by all nuclear 
radiations of ionising the air througSi which Lhev pass.. I hat means 
they leave behind a trace of positive and negative electrical charges 
which can be collected on oppositely charged electrodes. Three main 
types of radiac instrument have been designed e spec tally for use in 
civil defence;— 

(a) The individual dosimeter ; this measures the total Jose 
of radiation received and accumulated over a given period ul 
the place where the instrument is being used. 

(b) The SURVEY METER : this measures the rate at which radi- 
ation is being received at a given time and 

(f) The CONTAMINATION meter : this measures the degree of 
radioactive contamination on the person or on equipment. 
Special modifications of the contamination meter have been 
developed for detecting undesirable levels of radioactive con- 
tamination in drinking water and in liquid or solid food. 

Individual dosimeter 

3.13 This is a small instrument easily carried on the person : it is about the 
size of a fountain pen (sec Plate 5). Its primary purpose is to measure 
the total dose of residual radiation which its user accumulates whilst 
o perat i ng i n a contact: i nak d area . For th o&s wh o happen to be w ith in 
range at the rime of the explosion it will, of course, he affected also 
by the initial flash of nuclear radiation, but will not record the flash 
dose fully because of the high rate at which this is received. 


* A logarithmic hcziIl: is more open at the lower cad ihaa at ihc H inker end and is 
muni uoiformfy accurate over the whole mc'ijs hum is a linear scale. 
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3+14 Technically, the dosimeter is a quartz- fibre electroscope, since the 
movement of a very fine quartz fibre between charged electrodes is 
used to measure the ionisation of the air produced by the radiation. 
(The inslrumcnL may he used in a thin transparent plastic cover or 
tube Eo protect it against contamination by radioactive dust (see 
Plate 7). It is much easier to re-issue the instrument with a fresh 
cover than to attempt Eo decontaminate the instrument itself.) 
The reading is taken by applying the dip end of the instrument to the 
eve, pointing it towards the light and reading the position of the 
thin black vertical line against the scale (see Mg. I), If a plastic 
cover is used, it may be necessary to uncover the eyepiece end to 
read the instrument in a poor light. 

Figure I 

Individual dosimeter scale shorting reading of% roentgens 



3.15 three main types of individual dosimeter have been developed for 
civ i: defence use; line No. 2 reading from 0 to 5 roentgen; Lite No. 3 
reading up to 5Gr ; and the No. 4 reading op to 1 50r_ For training 
purposes a No, ! inss rumen t of identical appearance but having a 
scale reading up to 0 Or can be used with special radioactive sources. 

Dosimeter charging unit 

3.16 The individual dosimeter has to be charged before use in order to 
bring the pointer to the zero position on the scale: it is gradually 
discharged by the ionisation produced on irradiation so that the 
scale reading becomes a measure of the radiation dose. A special 
dynamo type of charging unit is available and this is operated by a 
few turns of a handle isee Plate 6). Il is quite independent of batter- 
ies, an important consideration in wartime. Charging and re-charging 
after use would normally be done at depots and places where forces 
were based. It is intended that the charging unit should be made 
available at local controls and warden posts. 

Radian survey meters 

3.17 These meters are i ntended for use in surveying contaminated areas 
so that radiological control of access and exposure could be estab- 
lished aiul maintained. Until recently two versions only were a vari- 
able, but a lightweight survey meter*, for use under more arduous 
conditions, has also been developed. Of the two earlier versions, the 


* Meter, Survey Lightweight, (A VO) Mark 3, 
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No, 1 has a single linear scale reading from 0 to 3 r.p,h. (see Plate in), 
while the other, the No, 2, has three ranges with linear scales (0 to 
3 r.p.h,; 0 to 30 r.p,h. and G Lo 3(H) r,p,b,) with a range selection 
switch (see Plate H). The lightweight meter has a logarithmic scale 
(sec footnote to paragraph 3.11) reading from 0 lu I GO r.p.h. The 
No. E and No. 2 meters have a thin metal window which excludes 
beta particles when dosed but when open allows a record to be made 
of beta plus gamma radiation: the lightweight meter has no hem 
window and can therefore he used only to measure gamma radiation. 

Training survey meters and fall-nut simulator 

3.18 Fort raining pu rposes an lustrum ent al most i den t ical in a ppeara nee 
to operational survey meters Nos. I and 2, but having a scale reading 
up to 300 microroen teens* per hour, is used with special radio- 
active sources. 

3, 39 A battery operated "radiac fall-out l miner" has been devised to 
teach users of Lhe light weight survey meter (0 to 100 r.p.h.) to read 
and report from a logaril tunic scale. ft lendi realism Lo a fall-out 
reporting exercise since the build-up and decay of radiation intensity 
can be simulated without the use of any radioactive sources, 

3J0 A larger radiac fall-out simulator consisting of a 5 - 5 kilocycles per 
second alternating currcnL in a L ‘leader cable" system has been 
developed for eventual field training; at present, only the prototype 
model has been produced. The intensity of the elect romagne tie field 
and its variation with distance from the cable, rogellier with a super- 
imposed build-up and decay-rate, can be used to simulate a fall-oui 
pattern, A detecting instrument similar in appearance and operation 
to the three range survey meter is used to simulate the latter. 

3.21 A trainer for use at R.G.C. posts has also been designed which will 
produce a meter display resembling that of the fixed survey meter 
(see paragraphs 3,9 to 3,1 1). This is purely a mechanical instrument 
which will give readings to simulate the build-up of radioactive fall- 
out to a maximum, followed by decay in accordance with the decay 
formula mentioned in the footnote to paragraph 3.2. It will also be 
possible lo simulate the build-up and decay of fall-out from tw r o or 
more bombs. 

Contamination meter 

3.22 The hazard from all-round gamma radiation in an area covered with 
fall-out would be far greater than the risk of contact with radioactive 
material (see paragraphs 3.10 to 8JI); even when conducting 
rescue operations, a dust niter or respirator would be necessary only 
if the amount of dust was intolerable. The contamination meter is 
in ten Lied for detecting the presence of radioactive contamination on 
the skin T clothing or equipment of those who may have been work- 
ing for some time in contaminated areas. It is now likely to be used 
only in hospitals to prevent contamination of operating theatres and 
as a monitor for drinking water. It is. much too sensitive to be used 
against the background radiation in a fall-out area unless carefully 
isolated and shielded against the genera! field of contamination. 


* I micro roentgen I mEHicmidi ncicrKcrcn. 
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3.23 The contamination meter consists of a Geiger counter probe con- 
nected by cable to a recording instrument (sec Plate 9). For hospital 
use, the probe h;js a thick rubber ease which cxcl lades beta particles 
but it counts the number oT atoms disintegrating per second and 
emitting Hashes of gamma rays: this is a measure of the total radio- 
activity since the proportion of beta to gamma in fission products is 
known. For use as a water monitor, still, greater sensitivity is needed 
because of the very low permissible safety levels and a cup-shaped 
probe to contain the water sample is used : the cup wall is very thLn 
and permits a measurable proportion of the beta particles to pene- 
trate and be counted in the probe. 
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CHAPTER TV 

Effects of Initial Nuclear Radiations 

introduction 

4.1 Nad ear radiations arc continuously emitted from the moment of 
detonation of a nuclear weapon and for long periods thereafter. 
They are emitted from the fireball, from the radioactive particles in 
the cloud as it is dispersed by the winds, and Finally from the radio- 
active Fall-out material deposited cut the ground. The division 
between initial (sometimes called flash) nuclear radiations and 
residual radiation, therefore, has been chosen arbitrarily at one 
minute after detonation. 

4.2 Neutrons (sec Appendix I) and gamma rays are emitted instantane- 
ously on detonation and they are followed by gamma radiation 
from the newly-formed and intensely radioactive fission products in 
the fireball- Most of the neutrons arc captured by the material of the 
weapon buL others escape. 

Neutrons and induced activity 

4.3 Since neutrons are fundamental particles carrying no electrical 
charge they are not effected by the positive nuclear charges or the 
surrounding clouds of negative electrons in the matter through which 
they pass. They arc deflected or stopped only by direct collision and 
can therefore penetrate considerable distances through Lhe at t nos- 
phere but Fall off more rapidly than do gamma rays. For some 
distance around the point of detonation the neutron dose may be 
higher than the gamma flash dose, but beyond a certain point the 
gamma hazard predominates and This point is always welt within 
the zone in v, hich strong blast and radial bn protection are needed. 
Thus, it may happen that the neutron hazard is greater in shelters 
quite close to the detonation of small tactical weapons with light 
cases which permit a higher proportion of the neutrons to escape. 
Otherwise n shelter which gives reasonable protection from gamma 
radiation also gives good protection against neutrons* 

4.4 Neutrons which escape from the detonation are either captured 
immediately, or are slowed down and then captured, by nuclei of 
neighbouring atoms. When a neutron is captured by the nucleus of 
another atom the latter becomes unstable and radioactive, this is 
called "induced’' activity and it will occur in the material under, 
ncath a ground or low air burst and may be mixed with Fall-out, 
In general, activity induced in the materials of the soil decays more 
rapidly than the average for fission products and becomes insignific- 
ant within a Few days. 

4.5 An Important Form of induced activity with immediate instead of 
prolonged effect, is (he capture of neutrons by the atoms of nitrogen 
in the atmosphere. The new nucleus is intensely radioactive and very 
quickly emits an extremely penetrating gamma radiation which 
intensifies and extends the range of the initial gamma flash, 
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Mtial gamma radiation 

4.6 Gamma rays can penetrate n considerable tliickncss of matter, c.g. 
the roof and walls of a building* but they are attenuated or weakened 
in doing so: they can be scattered back from the atoms of oxygen 
and nitrogen in the atmosphere, causing an additional hazard which 
can best be described as invisible ”sfcyshincU Protection behind a 
heavy obstacle in the line of sight only will therefore not be so good 
as all-round cover under a heavy shield. 

4.7 The biological effects of gamma radiation are outlined in Chapter 11 
but there are several major differences between the effects of initial 
and residual radiation. In tile first place, initial gamma rays are lur 
more penetrating because they carry more energy* and they require 
a much thicker shield to give the same degree of protection. 
Secondly, while residual radiation from a fall-out area shines on an 
exposed person from all directions* the gamma dash comes mainly 
from one direct ion (apart from some scattered back from the a t mo- 
sphere 1 and one part of the body may shield the other.. On balance, 
residual radiation may be more injurious than gamma flash at the 
same total dW, i.e. the LD 50 or dose which would be lethal to 
50 pet' cent, ol' those exposed might be significantly greater than 450r 
ou exposure to flash gamma and significantly less than 450r in 
residual fah-out radiation (see also paragraphs 2.5 and 2,Ci), 

Weapon power and range of effects 

4.8 Table 4 shows the radial distance at which a 50 per cent. lethal dose 
of 450r (i.e. a fifty-fifty chance of survival) and a war-time emergency 
dose of 75r would be received by people exposed in [he open to 
initial radiation from a ground burst or an air burst (the difference 
between these is swamped when the figures ore rounded off to the 
nearest quarter of a mite}. 


TABLE 4 

Radial distance* [in mites) of initial gamma effects an people 
exposed i'n l he open lo a ground- or uir-6urs( ciucteor wraptm 


fVcnpiirr psfWtr 

20 

AT 

m 

ter 

i 

MT 

/ 

MT 

2 

MT 

5 

MT 

IQ 

MT 

.SO per cent, survival 
(450r) 

i 

1 

U 

4 

1 H 

2 

n 

No appreciable risk of 
sickness (75r) 

1 1 

n 

li 

n 

2 

u 

2k 


It will be noticed in comparing the two rows ol" figures for each 
weapon power that, because of absorption and attenuation in theai.r r 
the dose decreases much more rapidly with distance than would be 
predicted by the “inverse square” latv (paragraph 1.31). The dataf 
in the I 'able arc adequate for most civil defence purposes. If will ire 


* The energy of gamma radiation is usually expressed In units of a million electron 
volts (Mev) ; rhe commit ray released when a nitroKCEi atom captures h neutron may 
exceed SO Mev: the average energy of initial gamma radiation Fs4.5 Mev whereas that ol 
residual radiation from fall-out is onEy about 0.7 Mev, 

t These data are taken from more elaborate dam in the scries, of curves on 352 
of the US. publication “The Effects of Nuclear Weapons ” (see Preface) when: similar 
curves Tor neutron anti neutron plus gamma dose* are shown on piages 366 and 3 j2. 
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seen also from u comparison of the ranges in Tables 4, 6 and 11 thai 
for megaton bombs the hazards from blast and beat effects would 
extend far beyond the range of possible injury from initial nuclear 
radiations. At Hiroshima and Nagasaki, there was no fall-out 
because the bombs were air-burst, but many Japanese — otherwise 
not seriously injured— suffered from initial gamma radiation, 
because (he bombs were small (about 20 KT]. 

Shielding against initial gamma radiation: half value thicknesses of 
shielding materials 

4.9 flic initial gamma rays from a nuclear detonation arc more energetic 
and penetrating than the residua! radiation from fail- out. Both initial 
and residual radiations are attenuated or reduced in intensity by 
passage through shielding materials and to an extent which depends 
on the massiveness or density of the material. The thickness of shield 
needed LG reduce the doac-ratc in a beam of gamma rays bv half is 
called the “half value” thickness of that particular shielding 
material. (See also paragraph 9.14 and Figure 7.) 

410 The half value thicknesses of the commoner shielding materials 
(steel h concrete, earth and water) against tn it sal gamma radiation are 
shown in 'fable 5. 


TABLE S 


Shielding 

material 

Half value thickness against 
initial gamma radiation 

{INCHES)* 

Steel T . 1 

L5 

Concrete . . 

6,0 

Earth 

7.5 

Water 

13.0 


Personal protection from initial nuclear radiation 

41 1 In spite of extensive research in many parts of the world no satis- 
factory therapy is available yet for self-injection or oral administra- 
tion immediately after exposure to a lethal dose of radiation. 

4J2 The only protection against initial radiation Is to be under adequate 
shielding when the hash occurs (to escape both the direct and the 
scattered radiation), it must also be remembered how effectively the 
radiation decreases with distance from the detonation. 

4.13 It nt ust be cm p h a si&ed that ptotecti vc clot h big pro v ides no p rotcclio u 
against gamma radiation; it only prevents radioactive dust from 
getting on to the skin or into the body. 


+ The half value thickness against initial gamma radiation varies gnMtly with the 
way in which the bomb is constructed. Tlie greatest thicknesses necessary arc shown in 
Table 5. 
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CHAPTER V 

Effects of Thermal Radiation 

Introduction 

5. 1 The mi u \ rad i ati on or hca E flash con sists of visible ] ight rays, invisible 
ultra- violet rays of shorter wave length and invisible infra-red rays 
of longer wave length: these rays all travel with ihc speed o flight, 
Fortunately, the ultra-violet rays, which are particularly injurious to 
living tissue (in milder form these effects are familiar as sunburn), 
are strongly absorbed in the atmosphere so that at distances where 
people are not killed outright by blast, the thermal radiation consists 
almost entirety of intense visible light and infra-red rays. It was 
mentioned in paragraph 1,7 that about 35 per cent, of the total 
energy released in a nuclear detonation is emitted in the form of 
light and heat radiation which can cause fires and skin bums out to 
considerable distances. 

5.2 The intensity of the direct heat radiation received at any place may 
be enhanced, iri a way similar to that of visible light, by reflection 
and scatter from clouds or from fog and dust particles in the atmo- 
sphere. or it may be reduced by absorption in passing through thick 
fog or heavy atmospheric pollution. 

5.3 The maximum size of the fireball and the Lime it persists depend 
upon the weapon power. Appendix 2 t paragraph 3 contains a 
formula, based on observations at weapon trials, for calculating the 
maximum size reached by the fireball of a weapon of any given 
power. The fireball from a 20 K T weapon lasts about 1+ seconds, 
while the fireball from a 10 MT detonation persists for at least 20 
seconds although most of c he heat energy is emitted during the first 
half of this time. 

5.4 Thermal radiation like visible light is reflected by light colours and 
absorbed by dark ones so that dark coloured objects are more 
likely to catch fire than white or light coloured ones, 

5.5 It has been explained (paragraphs 1.31 and 1.32) that, in a clear 
atmosphere, the amount of heat which would fall on a man exposed 
to radiation from a nuclear detonation would decrease rapidly with 
his distance from the fireball: it would be decreased by a factor 
which is the inverse of the square of that distance, i.e. if his distance 
is trebled he would get only one-ninth as much radiation. In practice, 
the atmosphere would contain .some mist, dust and industrial 
pollution; the actual conditions at the time and his position, in 
relation to clouds of these substances in the air and to the fireball, 
would determine whether he would receive more or Jess radiation 
than would be calculated from the "inverse square*" law. (When the 
sun is hidden most of our daylight is scattered light.) Hence, there k 
no simple scaling law for detenu ining the thermal effects produced 
by weapons of different powers (sec also paragraph 5.10 and para- 
graph 3 of Appendix 2). 
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Skin bums 

5 h 6 Skin bums can be of various degrees of severity t roi t a mere redden- 
ing (first degree) or a more painful blistering (second degree) lo a 
much in ore serious charring of the skin (third degree). It is obvious 
too, that the duration of the heating may he as important as the lota I 
amount of heat in causing skin burns or igniting_ inflammable 
material since the temperature of a surlace will not increase if its 
rate of dissipating heat is greater than the rate of heating. Fie nee 
it is necessary to consider three important E actors via: the total 
amount of heat, the area on which it falls and the duration of appli- 
cation of this quantity of beat to the surface. 

5.7 A convenient unit for expressing a quantity of heat is the caloric 4 
(abbreviated to cah)< Heating effects on surfaces should be com- 
pared in terms of calorics per unit area of surface, t.e. cals, per 
square centimetre, 

5.8 Table 6 shows the ranges in miles at which people in the open would 
suffer various degrees of skin burn From ground- burst weapons t>l 
different power. Table 7 shows similar data for air-burst weapons. 

TABLE 6 


of hmt effects nn peopEe exposed in the open : 
radii in mites for giiaimd-bonst weapons 


iVfiJpprt pOWVf 

20 KT 

i 

too KT 

l- MT 

/ MT 

2 MT 

S MT ' 

Iff MT 

3rd degree burn 
charring aF skin 

¥ 

14 

S8 ■ 

H 

6i 


13 

2nd tltgrte bum 
blistering of skin 

i 

2 

4 

5| 

7-t 

11 

15 

1st decree burn 
reddening of skin 


3 

- 

51 

S 

II 

15 

21 


TABLE 7 

Hiinge of heat dfiscls on uenplc exposed in Uic upen : 
radii in milts from ainhunl weapons 


IVeapan pawer 

20 KT 

too at 

+ MT 

t MT 

2 MT 

5 MT 

tO MT 

3rd depree burn 

11 

2\ 

6 

8 

11 

16 

22 

2nd degree burn 

H 

at 

i ^ ' 

9 

O 

18 

t 

25 

lit decree bum 

2\ 

5 

0 

1 13 

17 

25 

35 


The tire situation 

5.9 Table S shows the ranges (radii) of the main fire zones and the limits 
out to which isolated fires would, occur from ground-hurst weapons 
of different power. Table 9 shows similar data for air bursts. It will 
be noted that the ranges from an air-burst weapon are much greater 
than those from a ground -burst weapon: also that the main lire zone 
would be ring-shaped. Within the inner ring fires would be extin- 
guished bv the general destruction of the houses and buildings. 


* 1 calorie is the heat required to raise the temperature of L of water ] C C- from 
15" to WC. 
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TABLE a 

Poisii.le fire ■dniatioN : yrtmud-burHi ffcapon : ranges Ln miles 


Weapon power 

m KT m KT 

i MT / MT 

- T MT 

5 MT 

; W MT 

Mpin fire zone 

2 Cu 1 tto2 . 

Li to 3j: Hm 5j2to6*| 

11 io9 

31 to 12 

1. i milt of isolated 
fires 

H 

3 

5 7 

9 

n 

17 


TABLE 9 

Fire situation ; mrdmrst ireipoa r ran^EH in nnles 


Weapon power 

20 AT 

1 100 KT 

i MT 

' l MT 

' 2 MT 

1 J MT 

10 MT 

Main line ione . . 

jitoU 

1 1 to 3 

U in 6 

Ij to s 

21 TO 1 1 

3| iol5 

4-20 

Limit uE isolated 








fires 

2 

5 

8 

12 , 

15 

22 

23 


l hernial cfFcciii of weapons of different powers 

5.1ft A 10 MT weapon radiates 500 times as much heat as a 20 KT bomb. 
According to the u in verse square” law (paragraph 1 ,31} a 10 MT 
weapon should produce the same amount of heat_as the 20 KT 
weapon at a distance 22 times greater (since V 500=22 approx.), 
Rut cite heat from the larger bomb is spread over a much longer 
pu rind. 20 seconds compared wit h a H second flash from, the 20 KT 
bom b, so that more of tire heat is dissipated nr conducted away from 
Lhe surface and it takes a total of 1 2 cals./sq. cm, (which is delivered 
at about 12 milesi to start fires From a 10 MT weapon compared 
with a total of only 5 cals, 'sq . cm. (which is delivered at I mile) from 
a 20 KT weapons; For this reason as well as lor the reason indicated 
in paragraph 5,^, no simple scaling law can be given for the ranges 
of thermal effects from weapons of different powers. 


Personal gratae (inn from thermal radiation 

5.1! To gain protection from thermal radiation it is necessary to get out 
of the direct path of the rays from the fireball and any kind of shade 
wHi suffice. People caught in the open should dive behind any avail- 
able cover, In this way serious burns may be avoided, particularly 
irom the longer-lasting fireball. It is also important to get adequate 
Cover from glass splinters and other debris (see paragraph I Ll3) t 

5-12 The importance of keeping is much of the skin covered as possible 
is illustrated by tbc fact tint the risk of death from burns depends on 
the proportion of the body surface which lias been burned. IF this is 
be I o iv 20 per een L, the chance of recovery with skilled medical 
attention is high except for very old people. Even with 50 per cent, 
of the body surface burned, young people have a 50 percent, chance 
of recovery. Clothing oilers some protection if it is loose fitting, and 
the lighter the colour the better. Outer garments of wool are better 
than cotton as wool metis but cotton inflames, 
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Fire protection and precautions 

5.13 Primary fires would result from heat flash through windows, open 
doors, etc., igniting the combustible contents in houses, offices and 
stores. An obvious fire precaution would be to rearrange the furnish- 
ings or equipment and to remove all inflammable material out of the 
direct path of any heat rays that might enter through windows or 
other openings. Another very Important precaution would he to 
whitewash windows and skylights as this would keep out about 80 
per cent, of the heat radiation. The windows might be broken by the 
blast wave but as this travels more slowly it would arrive after the 
heat flash had passed (except of course in the central area ol 
complete destruction where it would not matter). 

5.14 The above precautions apply to windows and other openings with a 
direct view of some part of the sky. In a built-up area they would 
apply more particularly to the windows of upper floors: even from a 
high air burst the buildings would have a considerable shielding 
effect on one another. 

5.15 Secondary fires might be the consequences of blast, damage, scatter^ 
ing of domestic fires, rupture of gas pipes or short-circuiting of 
electrical wiring. These risks could be reduced if commonseuse 
precautions were taken on receipt of a warning, such us shutting up 
stoves, covering open fires with sand or earth and by turning ofl gas 
and electricity at the mains. 

The possibilities of a fire storm 

5.16 The chief feature of a fire storm is the generation of high winds 
which are drawn into the centre of the fire area to feed the flames. 
These in -rushing winds prevent the spread of the fires outwards but 
ensure almost complete destruction by lire of everything within the 
affected area. A fire storm inevitably increases the number of casual- 
ties since it becomes impossible for people to escape by their own 
efforts ami they succumb to the effects of suffocation and heat stroke, 

5.17 The 20 KT Hiroshima bomb (but not the Nagasaki one) caused a 
fire storm and fire storms were caused in Hamburg* and in several 
other cities as a result of heavy incendiary attacks in the last war. 
A close study of these fire storms and of German cities in which lire 
Storms did not occur revealed several interesting features, A fire 
storm occurred only in an area of substantial size (i.e. several square 
miles) heavily built-up with buildings containing plenty of combust- 
ible material and where at least every other building in the area had 
been set alight by incendiary attack. 

5.18 It seems unlikely that an initial density of fires equivalent to one in 
every other building would be started by a nuclear explosion over a 
British city; studies have shown that a much smaller proportion of 
buildings than this would be exposed to heat flash (due to shielding). 
Moreover, tlie vulnerable centres of many British cities were des- 
troyed in the last war and Lite new buddings which are replacing 
them are mainly of fire-resistant construction and less closely spaced. 
Fire storms after nuclear attack are therefore unlikely in most British 
cities but the risk would be greatly reduced by adopting the precau- 
tions outlined above. 


* About 1,6:5,000 craped injury during the fire storm at Hamburg, although oul 
of a population of about 1.700 F O0O at risk, the 35-40,000 killed rep] estnled about 
10% of the whole of civilian deaths in Germany from air attack throughout the war. 
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CHAPTER VI 
Crater Formation and Ground Shock 
Introduction 

6.1 When a nuclear detonation takes place on or near the ground an 
appreciable amount of the energy is expended in making a crater 
and. at the same time, a shock wave is transmitted outwards through 
the ground, 

6.2 The effect of a burst in the shallow water of an estuary or harbour 
will be similar to that of ground burst except that the crater will be 
submerged, quantities of mud and water will be sucked up into the 
fireball ami much water will be vaporised. A burst in deep water 
will cause a shock wave to be transmitted through the water at 
higher speeds and to greater distances than it blast wave in the air 
(see also paragraphs LI 9 and 1.20). 

Crater formation 

6.3 In a surface burst & considerable quantity of vaporised or pulverised 
material is sucked up by the ascending fireball and associated air 
currents, A still larger quantity is gouged out of the crater by the 
force of the explosion and is deposited around the crater to add 
to the ‘Tip” formed by the ground which is squeezed up round the 
edges of the crater. The combined lip formed in this way has a 
width roughly equal to the radius of the crater and a height of about 
a quarter of the depth of the crater. 

6 A The dimensions of craters produced by weapons of d liferent powers 
are shown in Table 10 For nuclear detonations on saturated day : on 
dry soil or hard rock the craters are slightly deeper but less extensive. 
Appropriate conversion factors for bombs burst on dry soil and hard 
rock are given beneath Table 10. Scaling laws for crater dimensions 
and a formula for calculating the total volume of a crater are listed 
in Appendix 2, paragraph 2, 


TABLE 10 

Crater dimensions tin feet) for a ground hurst in satnrjied day - 


Weapon power 

20 KT 

100 KT' 

I MT 

/ MT j 

2 MT 

5 MT 

JO MT 

Radius of crater 

300 

510 

U5Q 

] r l00 

1.36C 

1,700 

2,200 

Radius of crater lip 

600 

] r 020 

1,700 

2.200 

2,720 

3,400 

4,400 

l>ep?h uF crater 

40 

! 55 l 

BO 

100 

120 

150 

170 


* To ijtt ranges f radii) in dry sod* divide the above values by ]-7. 

To gel depths in dry suit, divide the above values by 0.7. 

To get ranges (radii) in hard rock, divide the values in the table by 2, 
To get depths m hard rock, divide I he values in the table by 0.3. 
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6.5 A possible dviE defence problem might be that of a crater blocking a 
river, but since British rivers are relatively small it is unlikely that 
the flooding would extend beyond tbe area of complete destruction. 
Furthermore, the radioactivity in the vicinity of the crater would be 
so intense that no remedial operation such as cutting a channel 
through the crater Up. except possibly by bombing from the air, 
would be possible for a considerable time after the nuclear detona- 
tion. 

Ground shuck 

6.6 The ground shock effects produced by a megaton surface burst are 
similar to those produced by an earthquake of moderate intensity, 
but the pressure in tbe ground shock wave falls off more rapidly with 
distance. The effects of this ground shock On structures above 
ground are irrelevant, since they do not occur beyond the distances 
at which these structures are totally destroyed by blast. Its effects 
on st rue lures below ground depend upon the ability of tbe structure 
to accommodate itself to the accompanying ground movement. 
Thus, small structures (e,g. shelters below ground) would move 
bodily with the surrounding ground and should be undamaged 
beyond .2 ur J crater radii from the burst. Similarly long, flexible 
underground structures (e.g. underground utilities) should beableto 
accommodate themselves to the comparatively small relative ground 
movement, and should be undamaged outside about 3 crater radii 
(i.e, less than 1 1 miles for a 10 MT bomb). 
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CHAPTER VII 


Effect of Damage from Air Blast 

Introduction 

7.1 The enormous pressure produced in the detonation of a nuclear 
weapon gives a violent push to the surrounding air with the result 
that a wave of high picture is transmitted outwards through the air; 
in addition* a strong wind is caused by the hulk movement of the air. 
The pressure wave is followed by a suction wave, i,e, a partial 
vacuum which then causes a wind in the reverse direction towards 
ground zero. 

7.2 Initially, the pressure wave is transmitted at a speed considerably 
greater than that of sound (which is. about 1*1 00 ft. per .second) but 
it gradually slows down to the speed of sound at great distances. A 
factor of importance is that its speed also depends upon the tem- 
perature of the air through which it is transmitted and this gives rise 
to the shock wave. When the front part of the wave reaches any 
particular point, the air at that point is compressed and heated 
and Lhe rear portion of the wave is able to move faster through the 
hot air and eventually catches up with the front part. The wave front 
then becomes steeper and almost vertical in the form il lustra ted in 
Fig, 2. 



Feoufle 2 

Simplified representation of development of shock fivnt 

Any obstacle in Its p.Lfh would cstfUiriecice a slurp blow <tuc lo the very sudden 
" rise from atmospheric procure io the peak pressure in the wave front. 


7.3 Shock waves can be reflected from surfaces, a fact responsible for 
many freak damage effects observed in the last war. When this 
happens the peak pressure on the surface of the obstacle may be 
increased by a factor between 2 and 8 depending upon the strength 
of the original shock wave. The degree of damage to some buildings 
may be related to the blow from the shock pressure alone, and in 
others to the duration of the shock wave as well as to the peak shock 
pressure. 
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Mach wave 

7,4 A special way in which a shuck wave, tra veiling outwards along the 
ground, may be intensified is known as the MACH effect. This 
occurs when the blast wave from an air burst strikes and is refected 
iVom l he ground as illustrated in 1 igure 3, The reflected wave also 
moves outward through a ir already heated by the direct shock wave, 
and wall catch up with the latter at some distance from ground zero 
to (nrm u MACH wave in which the peak pressure is almost double 
that in the original shock wave. 



Fioure j 

Farmattpn of \Uteh Jifli't 1 


Structural damage 

13 Damage to a structure depends upon the power of the bomb, on 
whether it is air or ground bunt and upon the distance of the struc- 
tun: from the detonation. Uut it depends pilso upon a number of 
other factors which are features of the target such as the type and 
strength of the structure, its size, shape and orientation with respect 
to the explosion and upon the number of potential openings, e,g. 
doors, windows and wall panels which could fail during the passage 
of i he blasi wave, '! he damage is the result of displacement which can 
be caused by two major forces exerted by the blast- These are the 
abrupt rise in pressure as the shock wave hits the building (and 
passes over it in a fraction of a second !, and the drag force ’which is 
exerted by the high wind throughout the duration of the positive 
pressure wave and tends to distort the building or to push it over on 
to its side. 


Shock or diffraction loading on a building 

7.6 When the front of a shock wave strikes a bn tiding it is reflected and 
the pressure on the face towards the explosion is momentarily in- 
creased by a factor of two or more. As the main shock front moves 
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over and around the build mg. the pressure on dial face falls agit.:u 
rapidly to the normal peak pressure in the shock front (j r q r before 
reflection occurred) and this same pressure is exerted sidc-on to the 
building. The shock front then bends or "diffracts” round the 
opposite end until die whole building is engulfed in the blast wave 
and the same pressure is exerted on all four walls and on the rocT. 

7.7 Before the blast wave has completely surrounded the building there 
will be a considerable difference in the pressure on the sides facing 
towards and away from the explosion and, consequently* a force 
tending to move the building bodily in the same direction us the 
bias! wave. II the building has relatively few openings (he. less than 
5 per cent, of the surface area) it will be subjected to this lateral 
"diffraction" loading for the time it takes for the shock front to pass 
Irom one end of the building to the other, For example, if the shock 
Iront has to pass 75 ft. over a building, the diffraction toad will 
operate for about a tenth of u second, but this coptd be long enough 
to cause considerable damage, 

7.8 Aker the blasl wave has engulfed n building with few openings, 
there may be insufficient time for nir pressure equalisation (ie. for 
tile pressure inside to build up to the value outside) and the bui lding 
w ill he subjected to the crushing effect of the higher external pressure 
on the roof and on all four walls; this crushing load will last «ts long 
as the positive pressure wave {several seconds in the case of megaton 
weapons at the limit for complete destruction). 

7.9 In buildings with normal amounts of window openings equalisation 
will occur fairly quickly and. because of reflections, the pressure 
inside may build up uni r it exceeds ihc external pressure. This may 
lead to die building exploding outwards since buildings arc designed 
to stand external wind loads bul not significant internal pressures. 

I his explosion effect, which is common in hurricanes, has been 
observed in houses subjected to atomic btasi in American trials and 
might wdl be *he typical mode of failure of British houses at the 
limiting distances for total destruction (see Plates 1 1 to 15), 

Wind drag loading 

7.1(1 Wind drag forces act throughout the Juration of the positive pres- 
sure wave which may last several seconds for megaton weapons. 
They affect mainly structures which, because of their small size, 
allow rapid equalisation of pressure round them but which are not 
vulnerable to .in all-round external pressure. The most important 
examples are telegraph poles, trees and open girder bridges. 

ffi‘ Eu lion between blast effects of air- and grouiuMiursI weapons 

7,11 As noted rn paragraph 1.22, the range of blast damage h substan- 
Itally greater for an air-burst lhan for a ground-burst weapon. The 
exact magnitude of the increase depends upon the category of blast 
damage under consideration lit is greater Tor the less severe cate- 
gories) and upon the exact height of burst. However, for most 
practical purposes it can be assumed that the radii of the various 
categories of damage shown in Tables It to 14 for ground-burst 
bombs would bq increased possibly by as much as 30 per cent, if the 
weapon were air-burst at about the optimum height, 
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Ranges of damage to ty (licul British houses und of road blockage 

7,12 The various degrees of Structural damage in built-up areas would in 
turn cause corresponding hindrance and obstruction to civil defence 
forces m vehicles and on foot. Table 3 1 shows the ranges of various 
categories of damage and street blockage for ground -burst weapons 
of different powers. It 3s expected that slight damage to typical 
British houses would occur when the static overpressure (pounds per 
square inch, abbreviated to p.s.i.) in the shock front was about 
0 '75 p.s.i.; at 1 -5 p.s.i. the houses would need repairs to remain 
habitable and they would be irreparably damaged at about 6 p.s.i. 

TABLE 11 

ivn uy ranges (radii) of blasi damage to lypiml British Ituases nnd 

fatncb];r ot streets 


ft ruirnd- burst noclair wcaptmi i ranges in miles 


IVcupan ptiHrr 

m KT 

it JO AT 

* MT 

f MT 

2 MT 

5MT iO MT 

Damage ring " 1 r ' 
Houses miiitty 
destroyed, streets 
impassible 



o -n 

0-11 

(3 ? 

0-24 

0-3* 

Damage ting ‘ B ” 
Houses im?p,ira- 
bly damaged, 
ittreeis blocked 
uniil eteared with 
mechanical aids 

H 

i H 

H-H 

H-2± 

2-3 

24-3j 

34-5 

Damage ring " C " 
Houses severely lo 
mmlentely dam- 
aged : progress in 
st rcetS made difli- 
cu[ by debris, 

h4i 

1-2* 

■ Mi 

21-6 

3-74 

34-10 

5-13 

Dumas* fi*w ,L D " 
Houses lightly 
damaged, streets 
hut some 
£tass and tiles 

1 1-24 

2M1 

4j-7J 


I ?i-U 

30-151 

13-20 


Eifects on bridges 

7«I3 As already noted, wind drag is the primary damaging mechanism 
against open girder bridges, though these bridges may also be lifted 
bodily and moved from their abutment as a result of blast reflection 
from the ground or water underneath them. Table 12 shows the 
expected ranges of damage to bridges from ground-burst bombs. 
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TABLE II 

Bridge dmiURC ft™ ground-burst nuclear wehpihls 
{ range* in nnitra from ground rent) 


Weapon power 

20 AT 

100 AT 

t MT 

1 

l MT 

i 

2 MT 

5 A IT 

to MT 

Steel truss type 
bridges — 
Collapse., 

l 

1 1 

H 

2 


n 

4 

50% re duct km in 
capacity 

4 

H 

2* 

21 ' 


41 

6 

No reduction in 
capacity 

1 

H 

24 

H 


1 H 

7 

Bsulfes, heavy 
masonry or emerere 
Collapse ... 

4 

4 

4 

i 

1 

** 

n 

50% reduction in 
capacity 

i 

4 

1 

li 

n 

24 

3 

No reduction in 

capacity 

1 i 

i 

14 

1 

jL 

2{ 

3* 

4 


Effects on human beings 

7.14 Human beings run small, risk of being killed outright if the static 
overpressure ls below about 200 p.s.i. but car drums may burst at 
15 p.s.i,, Eung damage may start at 35 p.s.i. and serious internal 
injuries may be caused by pressures approaching 200 p.s.L Glass 
fragments probably re presens the blast hazard with the greatest 
range: it is expected that the outer limit of serious casualties from 
this, cause among people in houses would be about 1 1 miles for a 10 
MT bomb. For people in the open , the main risk (apart from debris 
and missiles) is being blown over by the blast wind - A person standing 
art The open would be blowm over at a distance of about 9 mites from 
a 10 Ml' ground-burst bomb: he would be moved bodily if lying 
prone across the direction of blast at about 7 miles, and if tying 
prone in the direction of the blast, at about 4 mites. 

F fleets nn vt hides 

7.15 Cars and buses with their windows closed would be liable to be 
crushed by external blast pressure, but the more serious risk is that 
of being blow over by the drag forces arising from the blast wind. 
3 he estimated ranges of severe displacement of motor vehicles arc 
given in Table 13. 


TABLE 13 

Motor vehicle damage topi ground-burst nuclear weapons 
[ranges in miles from ground zero) 


Weapon power 

20 AT 





5 MT 

10 MT 

fvevere diapliiLemenr 
of motor vehicle* ai 

4 

U 

24 

2i 

34 

*1 

$ 
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Effects od public utility services 

7.16 Except near the crater (see paragraph 6,6) the effect of a nuclear 
detonation on public utility services would probably be confined to 
damage above ground, e.g. to poles and pylons carrying overhead 
telephone and power lines. Damage to delicate equipment in the 
exchanges would cause disruption of the telephone service out to 
ranges corresponding to those, for moderate damage to houses (sec 
Table ! I), Installations such as gas works and holders, water pump- 
ing stations! electricity generating stations and sub-stations would 
suffer structural damage or be damaged as a result of the collapse of 
buildings. In general, underground services such ns water and gas 
mains would be undamaged unless sery dose to the crater, but the 
connections might be ruptured where the pipes enter buildings 
shaken or damaged by blast. 

The debris problem 

7.17 It will be seen from Table 1 1 that the problem of access would be a 
serious ore in built-up areas. Move merit of vehicular traffic might be 
seriously restricted or prevented over wide areas where fire fighting 
and rescue are .required. Access routes should be sought which are 
more radial to the point of burst and therefore less likely to be 
blocked to the same degree and it should be remembered that wide 
streets or streets with front gardens or wide footpaths would not be 
blocked to the same extent. Parks, open spaces* railway embank- 
ments, wide roads, rivers, canals rnighr. all provide entry and exit 
routes for civil defence operations. 

7.18 Trees art very vulnerable to long duration blast and in many 
cases fallen trees would block roads at a greater distance from 
ground zero than any other type of debris. The estimated distances 
for tree damage from ground-burst bombs arc given in Tabic 14 
(trees in leaf)’ 

TABLE 1-1 


Tree tin mage frmn ^maul-bursl audeur Trisipcms 
(ranges in mil** from Krtnaul zero) 


Weapon power 

X> XT 

100 KT 

t MT 

1 MT 

j 2 MT 

5 MT 

tO MT 

Trues 







8 

^0% blown down 

i 

H 

3 

H 

41 

61 

30% blown down ; 

n 

2i 

3j 

41 

6 

71 

JO 

Branch damage . . 

i* 

3 

5 

H 

£ 

LOf 

14 
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CHAPTER VIII 

Effects of Residua] Radiation from Fall-out 

Introduction 

8. J '1 he radioactive fission products from p nuclear weapon, burst on or 
near ! pc ground^ would condense on debris and dust lifted by the 
explosion and would he deposited around the crater or dropped 
iroiir the cloud, more or less slowly, as it swept over a broad area 
which might extend several hundred miles downwind. 

Particles of half a millimetre down to about one -fiftieth of a milli- 
metre in size ii.e, From 500 down to about 20 microns*! would he 
deposited over a wide area in a complex pattern of radioactive fall- 
out, the shape and extent of which would be determined by ibe wind 
strengths a aid directions at the various levels through which these 
panicles fall. With the average winds in the United Kingdom the 
1 all-out pattern night extend to several hundred miles downwind of 
Lhc point of burst (ground zero). 

H.3 Particles less than one- fiftieth of a millimetre (20 microns) in size 
would be carried by the wind to much greater distances and might 
not be deposited on the ground for many days, or weeks, or several 
years if t hey had been curried into the stratosphere. By that time the 
radioactivity would have decayed several thousand-fold and the 
individual particles would have become so widely dispersed in the 
atmosphere that in war-time they would no longer represent a 
significant fall-out hazard when finally deposited, 

8.4 Residual radiations are those emitted Inter Limn one minute after the 
deto Elation of a nuclear weapon. They come from radioactive fission 
products mainly fused min or adhering to particles of dust and 
debris lifted by the explosion and, if it is not too high an air burst* 
trom radioactivity induced in these particles and in the ground by 
neutrons escaping from the detonation. The induced activity would 
effectively decay within a few days whereas the fission products 
would decay at a decreasing rate, corresponding to the Rjt^'2 
formula over a long period as mentioned in paragraph 3.2 and 
footnote. 

The different hazards presented by fall-out 

8.5 1 here are many ways ill which large iissile atoms, can split into two 
not quite equal parts, and consequently fission products consist of 
some 200 different types of atomic nuclei or isotopes of about 35 
elements, 

8.6 These mdioacti vc isotopes are unstable and tend to disintegrate or 
decay in one or more stages. In doing so they get rid of excess cnergv 
by emitting one or more of the following:— 

(a) Alpha particles which are four times as heavy as hydrogen 
atoms and lose all their energy by collision with other atoms 

* A micron i* one millionth of a metre (thousandth of a millimetre). 
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in passing through a few inches of air; they cannot penetrate 
clothing or unbroken skin. 

<6) Beta per tides which are high-speed electrons or negative 
charges of electricity stopped by air within 2 to [2 yds, 
depending on the energy with which they are expelled from a 
nucleus: they are unable to penetrate deeply beneath clothing 
and skin hut they may cause skin bums, 

\c) Gamma rays which are forms of electromagnetic radiation 
like tight and heat und which travel with the speed of light: 
in air they can reach distances of many hundreds or even 
thousands of feet before they are stopped by the atoms of 
oxygen and nitrogen in the atmosphere; like X-rays they can 
penetrate, buL more readily, through the deeper tissues and 
organs Off the body. 

8.7 It should now be clear that radioactive fall-out presents two separate 
and distinct hazards; — 

la) Contact with, or close proximity to. the skin or organs within 
the body, e.g, fall-out on light clothing, on the skin and hair* 
or inside the body by access through cuts or in food or water, 

{/>) Gumma radiation or rays which can shine from a distance on 
to the whole body from fall-out deposited over a wide area; 
these rays are also scattered back from the atmosphere like 
light scattered back from a mist or cloud. 

8.8 Different methods arc employed to measure these two types of 
hazard. The contact hazard is measured with an instrument which 
counts the number of atoms disintegrating each second on a limited 
area of a surface very dose to the instrument. The radiation hazard 
is measured as the dose-rate nr intensity of radiation reaching the 
instrument when it is held at a specific height (usually S ft. i above a 
large contaminated surface (sec Chapter III on instruments). 

Detection and warning of fall-out 

8.9 Under some circumstances it is possible that fall-out particles might 
be seen coming down or they might be visible as dust on some 
surfaces. Rut, in general, it must be assumed that fall-out might not 
be noticed and. since the human senses are incapable of detecting 
nuclear radiations, special instruments arc required for this purpose 
{see Chapter III). Hence, u would be imperative, if a warning* of 
imminent fall-out had been given, for everyone in that area to seek 
the best and heaviest possible all-round cover from gamma radiation* 
preferably in a prepared refuge containing food, water and emer- 
gency sanitation tif there were no normal indoor sanitary 1 facilities) 
sufficient for at least two days and preferably for seven dayb. It 
would be necessary- to remain undercover until the intensity of the 
gamma radiation in the area could be monitored and until it had 
decayed sufficiently Lo permit outdoor exposure, or in the worst case, 
until arrangements could be made for the rapid clearance of people 
from that area. 


* S« purafiTij|rti 4 ^A zniit 3,5. A provisional 'wamiot code » sivttn on p^e 9 of 
Pamphlet No. Z tR-ad inactive Full-out — ProvLS.itiioa] Scheme of Public Control) in. Uie 
Manual of Civil Defence, Vo!. I. This pamphlet it published by H.M. Stationery Office, 
price Is. 3d. net. 
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Relation between distance Irum nearest fall-out and total dose 

8. 10 Figure 4 shows a man standing on ground evenly contaminated with 
fall-mil and the fraction of the total radiation Jose which he would 
receive from various distances. It will be observed that half of the 
total dose would come from within a circle roughly of radius 25 ft. 
around him. (This radius wou ld be greater on a very smooth ground 
and less on rough and uneven ground,') 
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Relation between the external radiation hazard and the hazard from 
hreatning or swallowing fnll-mir particles 

8.11 When fallout is coming down, or in an area already covered by 
radioactive fall-out. the gamma radiation hazard from the surround- 
ing would be far greater than the hazard from any radioactive dust 
v. hicli might be inhaled or swallowed. The first necessity would be to 
get protection from the general held of pmmu radiation—- get inside 
a building as far below the roof as possible and behind the thickest 
available walls isce paragraph 1.31). 

8.1J Nevertheless, every effort would have to be made to avoid getting 
radioactive fall -out on i he skin, hair and clothing and iif this proved 
impossible, steps should be taken to remove it as soon as this was 
practicable. Some very active isotopes of strontium and iodine may 
p re sent a special hazard of internal injury developing years Later. 
The first of these isotopes accumulates to some extent in the growing 
parts of the skeleton: even a minute quantity irradiating the bone 
over many years may ultimately injure the blood regeneration system 
which takes place in the bone marrow. Radio-iodine accumulates in 
the thyroid gland and although it decays in a few weeks (half or it 
has gone by 8 days) it can be particularly injurious in the very small 
thyroid gland of an infant (see also paragraph 10.4). 

8.13 Ordinary' headgear, clothing, boots and gloves can keep fall-out and 
the alpha and beta particles away From the body and give temporary 
protection against the contact hazard, but they should be removed 
and decontaminated or replaced at the earliest opportunity (sec 
paragraphs 11.23 to 1 1.25). They do n at provide any significant pre- 
fect ion against gamma radiation. Personal cleanliness h essential to 
remove radioactive fall-out from the clothing or skin and to prevent 
its entry into the body. 
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Fall-out jiuliems and dose-rate contours 

8.14 If the houndary of the fall-out area is determined with r idlac survey 
meter!? (paragraph 3.17) a ltd plotted on n map, it would probably 
have an irregular shape in usual British weather conditions. There 
are two main reasons. The first is. that panicles, of different sizes fall 
at different rates from all parts of the very extensive cloud, c.g. a 
particle one millimetre io diameter falls from 60 T Q0Q ft. in about a 
quarter of an hour compared with about 20 hours for a particle 20 
times smaller. The second reason is thai, os the particles full, they 
are carried along by the winds which may have quire different speeds 
and directions at different height levels. 

8.15 The dose-rate would increase towards the centre of the fall-out 
area, and contour lines could be drawn through points which have 
equal dose- rales at the same lime. Fhese Esodoflc-ratc contours and 
the spacing between them at different places may be quite irregular 
and may include several “hot” areas or plateaus caused by local 
topography and air turbulence or rain showers. Figures 5 and h 
illustrate fall-out patterns and contours measured after two ground 
burst at American weapon trials in the Pacific*. 
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S.rfT Since Its & ion products decay rapidly at ] 
sively decreasing rate represented by furn 
law or the seven-tenths rule (see pnragrai 
on the ground would be Jf;, 

to Lnc damaged area migfit be all down 
the detonation wl 

oi 20 mites per hour, it would 
inigbt continue for a further 10 » v ^ 
have decayed by a factor of between 
earlier fallout, 

Standard reference time for dwte-ratc 

S-H It is dear that a standard reference ti 
Sistent set of fa El-out contours anti it 
place within the pattern to be calcula 
ror civil defence purposes it is oonven 
reference tune either one hour f h - i— 1 


prog re s- 
■1.3 (j^cay 

it formed. Early fall-out close 
L, ^ . t - - ccjm one or i wo hours a fter 
hereas 200 miles downwind, assuming a mean wind 
not start for another H hours and it 
tQ 15 hours, by which time it would 
. ^ — i 20 and 30 compared with the 


pattern, En comparing; the fall-pul patterns from weapons ofdifTcren [ 
powers, it I ills been found that l her areas within reference contours 
having l he same dose-rate are approximately proportional to the 
fission yield of the weapon, e.g. the area enclosed hy the 10 r.p.h. 
Dftl contour from a t MT fission explosion is 50 times that from a 
20 K I explosion (see scaling laws in Appendix 1 ). While this 
relationship holds very roughly within a Factor of two either way for 
downwind contour areas, the contamination pattern upwind and 
crosswind From ground zero is more complex and cannot be 
adequately described by ■such simple scaling law’s. This it not un- 
expected as the upwind contaminated area will he a small fraction 
of the total fall-out pattern. 


Dow aw inti areas covered hy fall-wit 

8,19 Table 15 shows the approximate areas covered by a Aeries of dose- 
rate Contours at the most convenient reference time or seven ho uni 
after surface bursts of weapons ranging front 20 KT to 10 MT in 
power. In some fall-out patterns the contours of lower intensity may 
be increased in area at the expense of the higher intensity contours 
or vice versa. 

TABLE IS 

I Sown w ind coHtanjlnAl ion 

Arens of onntours nl 7 Itoufi after burst, assuming IIK) per rent. 

fission yield 


Reference coniitur 
time- rate r.pJt, at 


A n'uS in Ai fusin' mite \s for weapon power 


8 > r'fjtfjii ; 

tom'*} 

30 KT 

m kt 

1 

1: MT 

/ SIT 

7 m 

3 3 fT ffl MT 

m 

0.2 

u 

IT 

54 

m 

270 

540 

100 

L3 

6.4 

1 05 

210 

420 

1,050 

2,100 

30 

5 

25 

325 

650 

1,300 

3,250 

6,500 

10 

16 

n 

750 

I r 50G 

3,000 

7,500 

15,000 

3 

30 

230 

1,650 

3,300 

6.600 

1 6.500 

33,500 

1 

200 

LOCO 

4,250 

8,500 

1 7,000 

42,500 

85,000 


fs,20 As indicated in paragraph S.14 the fall-out pattern from surface 
bursts in some British weal her conditions might be very irregular. 
For detonations of the same fission yield, however, each reference 
contour of the same dose- rate would enclose roughly tine same area. 
The time from detonation to the first arrival of fall-out at any place 
would depend on its distance from the explosion, on the bomb 
power, on the sires of the particles and on the pattern of the winds 
up to the cloud level. For megaton weapons the time from first 
arrival to Lhe time when maximum dose-rate is reached at any point 
is about the same us the time from detonation to first arrival, and 
fall-out is generally complete in abous five hours after the maximum 
dose-rate has been reached, 

K,21 Table 15 shows that people in large areas of the United Kingdom 
would need substantial shelter from residual radiation and that they 
would have to remain under cover for some time. For example, the 
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30 r.p.ni. seven. hour reference contour (DR 7) from a I MT ground 
burst would cover an area of 650 square miles and might extend SO 
miles downwind. At the extreme downwind edge of this contour 
falt-oul might start to come down about. 4 hours after the detona- 
tion. People a I tilts point if unshielded from the radiation, could 
accumulate a dangerous dose of about 360r by 4£ hours after the 
burst. In some districts (covering only a small proportion of the total 
area of 650 square miles) the external dose-rate might be so high 
that people could not remain, even in a prepared refuge, for more 
than a few days without suffering from radiation sickness. Through- 
out the whole ol l.hc downwind fuEl-oul area she public would be 
warned to seek shelter from imminent fall-out and from the residual 
gamma radiation (sec paragraph £.9). Further advice* would be 
broadcast or given by whatever means arc available locally, on the 
subsequent permissible daily periods of outdoor exposure to get 
essential food and medical supplies or to perform essential duties. 

Upwind land emsswind com am inn Hon in the damaged area 

8,22 The urgent tasks of fire-fighting and rescue in the damaged area 
would raise two major questions. Would it be worthwhile to commit 
fire-fighting and rescue forces early, knowing that subsequent fall- 
out would compel them to seek refuge and become immobilised? 
How far would fall-out extend into the upwind damaged area and 
to what extent would high dosc-rates prevent access by fire-fighting 
and rescue forces? 

8-25 Unfortunately, the information available would not always provide 
dear-cut answers to these queslcon* and existing informal ion is not 
so well supported by experimental measurement as (hat on the 
downwind pattern and contours. For training and instruction pur- 
poses, two examples are given in Table 16 representing possible 
degrees of contamination in (he damaged upwind area. 

Cloud models consisted with actual fall-nut patterns 

8.24 Samples of radioactive panicles collected by rockets and aircraft 
from known points within the stabilised clouds have enabled the 
following conceptual cloud models to bo evolved : — 

(i) For weapons of less than 100 KT the cloud appears to be 
roughly spherical with a uniform distribution of radioactive 
particles: the dimensions of the cloud can be estimated in 
relation to the power of t he weapon from Table 24 in Appen- 
dix 2. 

(in For weapons of 100 KT and higher powers, the cloud can be 
V isuLLl jsed as a flal disc of approximately 25 T 0QO ft. thickness 
(irrespective of weapon power) on top of the stem: hence, (he 
diameter of the disc increases in proportion to the square root 
of the weapon power ( see scaling laws, Appendix 2). Nearly 
all the activity is concentrated in the upper third of the stem 
and in i he central and lower third section of the cloud disc. 

8.25 The larges l particles (about 1 T OO0 microns 1- in size) are concentrated 
at the top of the stem. These particles lake about one-quarter of an 
hour to fall from 60.000 ft. which is approximately the mean height 

" Man™ I of Civil Defence, Vo], T f Pamphlet No, 2 (Radioactive Fatl-out — Provision! ! 

Scheme of Public Ctminol}* published by H,M, Stationery Office, price Is. 3d ncl. 

t l micron ri one millionth of a metre. 
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of the stabilised cloud disc from a l MT detonation. Particles of 
500 microns in size arc found out to about half the radius of the 
cloud (fail-time nearly I hour from 60,000 ft.), while the maximum 
size or the particles at the ©ttreme edge of the cloud disc is presumed 
not to exceed 250 microns (fall -time about 3 hours from 60,000 ft ). 
To the above fail-times must also be added the time taken by the 
cloud to reach its maximum altitude and become stable. This h 
about 7 minutes for a 1 MT detonation. 

8.26 I n the absence of wind at any level up to cloud height (a verv rare 
occurrence iu the ILK.) the cloud models predict a circular fall-out 
pattern around ground zero with the same radius as the cloud, i.c, 
30 miles for a 10 Mf detonation (see scaling laws* Appendix 2, 
paragraph 4). With a 15 mile per hour wind in the same direction 
at all relevant height levels, the 500 micron particles in the cloud 
from a 10 MT bomb would extend out to 15 miles from the cloud 
centre and would Luke about l It our to be deposited on the ground 
in the neighbourhood of ground zero. A 250- micron particle falling 
from the extreme upwind edge of the cloud for 3 hours would be 
deposited cm the ground 45 - JO 15 miles downwind of ground .zero 
and smaller particles would fall still farther downwind. 

8.27 The cloud model for the larger weapons indicates that very little 
fall-out is likely to be deposited upwind beyond the limit of complete 
destruction, unless the winds at all Level': up l0 doud heights arc of 
exceptionally low speed or are in opposite directions at different 
heights, Around the upwind half of the damaged area I he extent and 
intensity of radioactive fall-out will depend upon weather conditions 
at the time. The situation may vary from complete prevention of 
lire -fight lug and rescue to complete freedom from fall- out in the 
damaged area beyond the range of complete destruction. For 
exercise purpose^ Table 16 has been included shoeing upwind 
distances to a series of [ -hour reference contours for two possible 
patterns of fall-out from a large megaton weapon (under lovy and 
moderate wind conditions). 


TABLE 16 

t oritartlLfultiun upwind in lilt darrmxrtl ares (10 MT) 

L iiwint) disUnm Cram G,Z. to 1-fnmr ref^nenc? CVnltHirJi (DRl"s) 
hr tun puviihk cnnlumiiifliior patterns 
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8,28 


8,29 


Crossmi'd from ground zero, on the flank; of the damaged and 

fanhe^'than^fwill'^ Co ?°" r ll “ r j ny given «losc-ra*« will extend 
i,!h o, h rn . (J,rmly upwind, so that restrictions on lire- 
fighting and 1 fie -saving will be more severe on these flanks For 
cxerotsc purposes it bt . assumcd ^ in 

ho c0 u rcsp ?? dmg llpwimI distances in Table 15 should he 
n on t^“ b r ccnt - ^ dose-rates up to 1U r.p.h. at 

,, r 7 1 ' ^ P er LCnL for dose-r^tes From 10 to lOOr p.h. at | hour 
and doubled lor higher intensity con lours. 

™r?JT Cge $ ?** directi K of ground zero, civil defence 

fondilhm. ^ PKVmied or set * r *?y restricted under ad wind 
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CHAPTER IX 


Protection afforded by Buildings, Trenches and 
Vehicles against Gamma Radiation from Fall-out 

Introduction 

9.1 l his chapter describes a method which has been devised for assessing 
the protection a Horded by dwelling houses and other buildings 
against gamma radial Eon from Fall-out based on the dimensions of 
the building and the weight of the material used in its const' ruction, 
El omits albwjim-es for a number of factors such as the shading 
effect of neighbouring buildings, the shape of the building when its 
length is more than twice its breadth and the proportion of wall area 
consisting of openings such as partially blocked windows and doors. 
In spite of these omissions it enables a rough estimate to be made of 
the protection obtainable in certain types of dwelling house which 
are common in the United Kingdom and do not give the high degree 
of protection afforded by more siibslanliiil large buildings such as 
office blocks, fiats and tenements. 

9.2 Gamma radiation can penetrate all material but the intensity of 
radiation passing through any material is progressively reduced, and 
if the material is of adequate thickness it affords protection of 
practical value. The protection afforded increases with the weight of 
material between the source or sources and Lite persons to be pro- 
tected, e,g. 9 in, or brickwork (equivalent to 7 in. concrete i will 
reduce the dose-rate to about one -tenth of what it was. 

9.1 The gamma dose-rate which a person receives depends also on his 
distance from the source of radiation and it is inversely proportional 
to the square of the distance, e.g, doubting the distance gives a four- 
fold reduction in dose-rate. 

*>.4 J ront the above it is clear that a building affords protection in two 
ways according to its size and the position of the occupants inside. 
Firstly, it keeps the radioactive fall-out at a distance and reduces the 
dose-rate in inverse proportion to the square of this distance and. 
secondly, the weight of the walls, upper floors and roof themselves 
reduce the dose-rate. 

9.5 Large missive buildings therefore afford a very high degree « f 
protection and some shielding is additionally afforded by any other 
surrounding buildings. 

9.6 The distribution of radioactive fa!E-oul matter around a building 
cannot be accurately predicted and buildings differ so widely in 
dimensions and type of construction that it is not easy to take into 
account all the variations in the shape and massiveness of the waits, 
Some approximations and assumptions must therefore be made in 
devising a simplified method of calculation which will be applicable 
to any building. 
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Protective factors of building and houses 

9,7 The protection afforded by a building against the gamma radiation 
from fall-out is usually, and most conveniently, expressed as the 
“protective factor' ‘ + (PR of the building: that is the factor by which 
the dose- rate received by a person in the building in reduced as 
compared with that received by a person standing in the open, or 
more accurately, on an infinite flat plane, 1 hos. if a particular build* 
ing has a protective factor of 100 it means that the dose-rate for a 
person in the building is l/100th of the dose-rate he would be receiv- 
ing in the open. 

9J In calculating protective factors it is assumed: — 

iu) that the radioactive material is uniformly deposited on I he 
ground and oa the roof, that the roof is flat with the same 
overall length and breadth as the external walls of the build- 
ing, and that the height of the building is the average height 
of i lie actual roof between the caves and the ridge: 

(b) that rhere is no deposit on the walls, window-sills or any 
projections from the walls; 

(c) that no radioactive male Hu l enters the building. 

9,9 Even in a simple rectangular building the protective factor w ill vary 
considerably from place to place in the building; it will be greatest at 
positions shielded by upper floors or internal walls and least near 
Windows, doors or thinner parts of the external wail. Allowance can- 
not easily be made for this variation and, in general, the protective 
factor at 2 Ff, above the mid- point of the floor level of the building 
is calculated and taken to hold for the whole of that floor level. 
Matty buildings are not of simple rectangular shape, but it is not 
feasible to take into account relatively minor deviations; where 
irregularities exist in the form of annexes and so on + the average 
length and breadth of the whole should be taken For use in the 
calculations. The method of dealing with parts of buildings which 
are sub-divided by internal walls or partitions is dealt with in 
paragraph 9.19 and 9.20. 

9. 10 The degree of protection afforded is determined by the thickness and 
density of the materials of which the walls, floor and roof are con- 
structed ami these factors are most conveniently combined as weight 
per square foot of wall, floor, or mol" area. 

9.1 1. In practice, the walls and floors of a building are seldom of uniform 
thickness throughout, walls are thickened in places by buttresses and 
chimney breasts and floors by beams. Variations of this sort arc 
averaged, for example, in the case of a beam and slab floor, the total 
weight of the beams and slabs comprising it is divided by the area of 
the floor. Preci.se weights of wall, floor and roof material may be 
difficult to obtain but a structural engineer familiar with building 
construction, should be able to estimate the weights per square foot 
of wall or floor area with an accuracy which is adequate for the 
purpose of this calculation. Weights per square foot area and per 
inch thickness of some common building materials are tiiven in 
Table 17. 


4 This hai m!so been desdbed an the M atlcntiiadon factor M tAF). 
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TABLE 17 

Wrights or some common building materials 


Brickwork r , per in. thickness 
Stone „ „ 

Reinforced concrete . . T , „ k N1 
AsphiiJi .. 

HolJpW tile 
Planter . . 

Boards . . 
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Sliit-es. 
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9.11 In preparing a refuge room ii would be desirable to block up open- 
ings direct front the refuge to the outside, c.g. windows and external 
doors. Protective factors should be calculated on the assumption 
that this has been done and that, to get the same advantage, the 
blocking material has the same weight in lb, per square foot as the 
wail area. 


Shielding against residual gamma radiation; half value thicknesses of 
shielding materials 

9.13 The thickness of shielding material needed u> reduce the dose-rate 
in a beam of gamma rays by half is cal led the half value thickness of 
that particular material. This is illustrated in Figure 7 for residua! 
gamma radiation; each successive "'half value" Jaycr reduces the 
dose transmitted by half. (See also paragraph 4,10.i 

9.14 'I'ablc Iti shows the half value thickness for common materials of 
construction against residual radiation from fall-out 




CONCRETE i i" THICK 


FlOtrpiE 7 

Diagrammatic illustration of the rod llclluo. of re&idujil gamma radiation 
intensity by successive 2,2 im half value layers of concrete or equivalent shielding 
material. 
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TABLE ]8 

Half mFoe thicknesses of shlc-Winj* maTertiiJs 
aguiiLsf n^idufil r.uFiutinn 


Material 

Slab density 
lh. per square foot 
and ptr inch thickness 

Half value 
(hiefertess 
(inches) 

Steel 

41 

0.7 

Concrete . , 

12 

2.2 

Bridtwtirk 

to 

2.8 

Earth 

0 

3,3 


T h us a 2 2 in. thick ness of concrete wilf reduce the dose of residual 
radiation to one-half of jts original value, 4 '4 in, -will reduce it to :i 
quarter, 6 -6 in. to one-eighth and so on. Brick walls 44, 9 and 134 in. 
tilick will reduce (he intensity of residual radiation by factors of 3, 
10 and 30 respectively. As shields arc made thicker and larger (he 
contribution From scattered radiation which penetrates increases, so 
that the reduction factor is slightly more lor thinner shields and 
slightly less tor thicker shields than those indicated above, 

Method of esieul aline protective factors 

9.15 E sternal radiation can be regarded as entering the building from 
hu- directions, namely, through the roof and through eadfof the 
Iolu w ills: this is equivalent to five .separate sources each of which 
contributes, by addition, to the total radiation intensity inside. Each 
of these separate contribution's can be conveniently expressed as a 
percentage of what the intensity outside would be at 2 ft. above an 
infinite plane, labfe?> 19 and 20 enable the contributions to this total 
percentage to be calculated for ihc roof and for each wall. These 
contributions are added to give the total percentage: I DO divided 
by this total is taken to be the protective factor for the building 
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TABLE 19 

Percentages, nf gamma nufialiim penetrating tlmiugh 
Site roofs a f buildings of \ Iiri(?u> dimensions 


TABLE 20 

PtTC'f'nlages - if gifmiHM rudiiitnm penetrating through 
walls of liuildinj>M 


B fetghr i>t tfri 
per squat? foot 
of waft area 

Percentage of radiation penetrating the watt for 
distance* from <■ vtermf watt of , 

5 ft. 

I ft ft. | 

ISft. 

20 ft. 

25 ft. 

20 ft. 

20 

16.0 

14,0 

12.7 

11.4 

10.5 

10,0 

m 

9.9 

8,& 

S,0 

7.3 

6.3 

6,3 

GO 

6,3 

5.4 

4.9 

44 

4 2 

3.9 

BC 

3.5 

3.4 

3.0 

2,e 

3.6 

2,4 

100 

IS 

2.2 

1*0 

LS 

1.6 

1J 

130 

J.5 

L3 

u. 

E.l 

1.0 

0.9 

140 

0.5 

0.S 

0.1 

0,6 

0.6 

0.6 

160 

0.6 

0.5 

0.5 

0,4 

0.4 

0*4 


iVcigftt of o verhead 
material in Hr. 
per SHfime foot of 
floor area 

Perrentupt- of radiation penetrating roof for Values of 
L H 

I r jt -- 1 n where L length, H breadth pud H ~ height 
to average roof level, ail in feet 


1 

2 

3 

* 

5 

6 

10 

0.6 

2,2 

4.7 

7,1 

9.4 

els 

20 

0.5 

1.9 

4,0 

6.2 

8.2 

10,3 

3D 

0,4 

U 

12 

5.0 

6,6 

8.4 

40 

0.3 

LI 

2,4 

3.9 

5.1 

6.5 

50 

0.3 

0.9 

2.0 

3.2 

4.1 

5,2 

60 

0-3 

0,7 

LS 

2.4 

3,2 

4,0 

70 

0,2 

0.6 

1.3 

20 

2.6 

3.2 

SO 

C.l 

0.5 

1.0 

1.5 

2.00 

2.5 

100 

0.3 

0,3 

0.6 

0.9 

n 

1.6 
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Example 

Roof. To find the roof contribution the first step is to calculate the 
value of ' ' * 


H 


B 

T 


9*17 


9. EH 


I he next step js to estimate the weight* of the overhead material 
(roof and upper floor? in lb. per square foot of floor area). The 
approximate roof contribution may then he read from Table 19 

I hus, rf L= 40, B .= 20 and 11=25 we have ^ —■ —2 6. I f the weight 

of overhead material is 40 Ib./sq, ft, we find from Table 19 that the 
approximate roof contribution is 1 -9 per cent. 

traj/^ The contribution through each wall can be found 
elicit Irom ruble J.) when 1 he distance from the mid-point of the 
Jloor to l he outer side of the Wall at ground level and the weight D f 
material per square loot of wall are known. For example If the 
mid’ pom l U'J the build mg is 2(1 It, from a wall of 1(H) lb /sq ft the 
wait contribution ts about 1 -8 per cent. For floors above around 
level the slam distance, from 2 ft. above the mid point of the floor 
In the fooi of the wall outside at ground level., should be used 

In basements the wall contributions decrease uniformly and rapidly 
with depth below ground level down to about 7 ft, where they are 
assumed to be zero, Mi us, If a wall contribution at ground floor 
level IS K 5 tier cenr.. the contribution at 2 ft, below ground level 

should be taken as 3 -5— ^<3 ‘5 =2 -5 per cent. 

Iflhe roof contribution amounts to E -9 per cent, and the percent- 
age conn i but ions through the four walls are I •#, ] 8, 0 ■& and 0 -Of 
respectively, then the total percentage of the external rad ratio it 
v^hich penetrates the building is 6-1 per cent, and the protective 

factor is therefore ^ , ( =16 (approx ). In built-up areas the shielding 

eflocl of neighbouring houses would roughly double the protective 
I actor calculated by tins simple method. 

Buildings sub-divided by internal walls 

Many buildings have substantial internal walls and some of the 
rue m s co u Id p u n ids m H )t if c 1 1 i#j a gai n s I g* in m a ra dinunii. 1c routed 
£2“ and blocks are examples of this kind of sub-division 
Su ' lL rt> ™ £ Lan a *ord very high protection if there isa large mass of 
matena,- between the occupants and the radioactive deposits outside 
in, budding. Furthermore, the percentage contribution of radiation 
troin fail-out on the root will be smaller if the internal walls extend 

2J? SJ'Ei 2“ S intensity or tlic radiation coming from those 
parts Lit he root not directly above the selected refuge room will be 
again reduced by passage through the internal walls. 

When the imerna' walls extend up to the roof and have a weight of 

. ^ S£ l; c ; , : r / mKc - lilc following modification of (he procedure 

in paragraph 9 A 6 should be used in calculating the protective factor 
for an y selected refuge room in die building. 

» *s® s sm 

f Zeno because is is shielded by adjacent pans of (he building, 
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9.20 


Roof, The percentage contribution of rad nil ion through the roof 
should be determined front Table 19 but taking for the dimensions 
of the roof the distances between the internal walls. 

Walls. The percentage coo Iri billion of radiation penetrating 
through the walls should be determined from Table 20 using 
distances measured from the mid-point of the room to the outer 
wnlls of the building at ground level: since the radiation now has to 
penetrate both external and interna] walls the weight '{kt square foot 
of wall material should be taken as the sum of the values for l he 
external and the internal walls. 

Survey tiT dwelling houses in the l ruled kingdom 

9,21 Surveys have been made of different types of dwelling hi) uses in the 
United Kingdom and their protective factors have been calculated 
for ground floor refuge rooms in which there is no external door and 
the windows have been blocked. For this purpose il was assumed 
that the fall-out is uniformly distributed on the roof and on the 
ground around the building. The calculated protective lac tors 
(which arc approximate) arc shown in Table 21. 


TABLE Z1 

Approximate" protective factors In ground floor refuge rooms 
of ij pi ml Hrilfeh buiLHCS with timber upper Moors 


Types of honv 

Prom ripe factor 

Prefab 

l 

Du lit. 1 , low 

5-10 

Detached two-storey 

15 

Sem i-detached twtMjinrey 1 1 in, cavity walla .. 

25-30 

Semi-detached two storey 1 H in. brick walk . 

40 

Terraced two-storey 

45 

Terraced buck to hack , , 

m 

Tenements 

m 


1 icre is some evidence that the fall-out may not all remain on 
sloping roofs and that consequently the protective factors of most 
British house v win be higher than the values given in Table 21 1 this 
applies especially to the houses with the lower protective factors 
where a large fraction of the radiation comes from contamination 
on the low roof 

Basements and trenches 

‘>.22 A substantial increase in protection could be obtained if any of the 
above houses SiaJ an additional cellar or basement, ora trench under 
the floor: e-g. for a two -storey bouse the trench would give a protec- 

*■ Sec paragraph 9. I Protecjivo factors in tenements can ’- ary width as they 
depend upon the si^c of the building, the massiveness of its construct ion and the 
number of storeys used ns refuges. On the ground and Aral floors, PFVmny vary from 
(00 to 500, on second floors the PF may be 50 and on nyp floors (hey m&y be in the 
neighbourhood of 20, 
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-h J Ufw (PI ~" J ?' ' lboul 200 and lfie basement a PF of between 14(1 

« ®S 

s»&ft *, wTrss* ,hc proiectiw r “- ««* *£ 

Protection afforded by vehicles. 

9-24 SSmrSS va ™ U4 VP** ° r ™>" transport vary from 
IS .u.T Wa [ ds de P c "ding upon the Size and weiWt of The 
vehicle* the height, of die seating above the around a «d nf1 t hr* 

"““Ts 91 pa ' sen | e J rs <»-h« would Shield one another t 0 ™ 0 me 
L ^ entK ^ [|U ’ C the abdominal part of the body is more sensitive rh-in 

m'Z £ ar S !v raC 4 ation ' fl mi *y he possible for essential purposes to 
pi.ivtde additional protection bv mean, of a thick ^ H S 

bu. ,f the roof,* contaminated a PF of 2 u> 3 *H ta SSJ 
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CH A PTER X 

Hazards to Food Slocks, Animals, Crops and 

Water Supplies 

Introduction 

10*1 To those doing civil defence tasks the external gamma radiation 
hazard from Falloui would be far greater than the risk of inhaling or 
swallowing fall-out particles (see paragraphs 8.11 to 8.13). On the 
other hand, the regular daily intake of food or water, if contamin- 
ated with radioactive lesion products, might present a hazard. 
Tolerance limits of con lamination must he specified but their 
application is a matter for radiological experts since the limits will 
depend upon how long it would be necessary to exist on the con- 
taminated food or water supplies . War-time tolerances must of 
necessity be of entirely different magnitude from peace-time toler- 
ances which are based on exposure throughout a lifetime. 

MnnilnrLng organism ions 

10.2 The first line of d efe nee for the p r otecti oi 1 1 ■ f th e p ub I i c w o u Id be t lie 
organisations for monitoring the degree of contamination and For 
controlling and distributing the available supplies of acceptably pure 
food and water, The Ministry of Agriculture, Fisheries and Food 
would be responsible for food supplies and for going radiological 
advice and help to farmers* in an emergency. Water undertakers are 
responsible for the supply of drinking water, and the Ministry of 
Housing and Local Government in England and Wales and the 
Department of Health in. Scotland have a general responsibility in 
this field. The agents of these bodies would need and would expect 
Tull co-operation from civil defence personnel who should have, 
aherefore. some know ledge of the problems involved and oT possible 
protective measures. 

Solubility rrf lission products 

1DJ A major uncertainty is the solubility in water of the radioactive 
components in fall-out or the ease with which they can stick on wet 
surfaces, \part from one burst in shallow waiter which lifted large 
quantities of bottom mud at Montebello in 1952, trials of surfnee- 
burst nuclear weapons have taken place cither on desert sand I fused, 
glassy, insoluble particles’) cr cm coral which is similar to limestone 
and which usually results in a fluky fall -OUt with easily soluble or 
transferable radioactivity. One can only guess the nature of fall-out 
particles from weapons burst on other types of ground, e.g, satu- 
rated clay, and how much of the radioactive matter would dissolve 
nr be dispersed in the water. The fused and semi -fused particles as 
well as the larger particles of earth, sand and dust would sink to the 
bottom of a river or reservoir, and only soluble radioactive matter 
held loosely on the surface of the panicles would dissolve and diffuse 
slowly Into the hulk of the water. 

* See “Home Defence and the Farmer”, published in ]**58 by H.M Stationery Office, 
price I S, GJ- net* 
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Retention fission products in the body 

10.4 The solubility of the various fission products is important because 

hi h 'w* thairentfy [rUo thr bIooti slream ^ be disseminated in 
he body its sues or accumulated in some specific organ which maS 

ihen be irradiated tor a considerable number of years, For exam ole 
f 1 ™' out -fifth of the radio-Mne uken i.uo Uwta*«SSSi 
in The thyrojd gland - in the front of the neck. 

However, the radiological half life («ec paragraph 3,1) of thk 
radin-iodire is only about S days, and it writ have virtual Iv decayed 
within a niomJi, At the other extreme, a quarter of the radio, 
strontium taken into the body accumulates in the growing parts of 
the skeleton. It has a relatively long radiological .half life of about 
r years and it also remains in the bone for many years. Bur die bone 
J3 a hv ' sng !*™* Continuously changing, and' this applies to' the 
radios rontium which ha_i a biological half life of about ! I years ■ 
this means that half the amount present at any time will have been 
e hmiEiLHed from the body in about 1 1 year,. Radio-cae*™ J5SL 
, r cm burn, is not retained for tong in the body and half of the 
amount taken in spreads throughout the muscles and llsiues it has 

IZM; ZTT Y tWe ‘ ,fabu “‘ 33 > ears »«t it i3 iSaSS 

half life i s only 17 U, “ m ° n ' hs S1 " CL ’ i,s bioio ®<»‘ 

Ihe soluble components of' falhout, when they cel into the body 
pass into Ihe blood stream from the skin, tbs luSgs or the uS 
intestinal tract. Some two-thirds of inhaled fall-out particles will 
be coughed up and swallowed. The insoluble components will pass 
till ougFi the gastro-inlcsiinal tract in about 3d hours of which 
about ^ hours will be spent in the large intestine, During this 
penod they will irradiate the body with gamma radiation and the 
h rungs of the stomach and intestines with alpha and/or beta 
particles as well (paragraph 8.6), This may result in some in Ham- 
million and temporary gastric disturbances". 

Significance of internal contamination 

1 he radiation dose-mte from internal body contamination is nf 

COrapared wilh thaL fr °i" a widespread fallimt 
S' * l[ "] u '\ hc Majwntrated very dose to small Erouos of vital 
body ceils which may be irradiated for long ;Jnol Ody a f^l! 
mdm^sive isotopes among the fission products, mainly Wive 

^ n i'°H^ Jn Paragraph 10.4, are significant in this respect. The risks 
involved cun be assessed and it is essential to be able to view them in 

gr e fr c rS^. C fwa r r d3IiUn *° ™'" y ‘ >,hef unavoidable ana much 

Effect of fall-mu nn sources of drinking water 

Jl ihlusI be emphasised that gamma radiation dues not in anv n™ 
t the purity or impair the pat ability of water. The main purnosc 
of the monitoring organisation would' be to prevent ihe water from 
bLcominga means of transporting radioactive matter into the hunvm 
_ body^ s proposed toout^^rom the 

than for adult ii (see paragraph a . j j? j. L 1131 ^ 15 nm t-'h higher for Lnfunts 


io.fi 
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which become contaminated with fall-out above the tolerance level* 
leaving householders dependent on their own reserve supplies until 
Bud) time as arrangements could be made for affected areas to 
receive alternative supplies, possibly by carting. 

I0.S Die main sources of drinking water in the United Kingdom are 
underground wells, rivers and impounding reservoirs fed from catch- 
ment areas. Wells and reservoirs each supply slightly more than a 
third of the population and rivers just under n third. Underground 
sources of water would, in general, be free from contamination but 
if the water is stored in open reservoirs there is a possibility of 
contamination, in rivers many of the fall-out particles would sink 
Ld the bottom nr be held in mud and vegetation. Some of the active 
material which dissolves in the river water would be absorbed by 
mud and vegetation and the rest would ultimately flow to the sea, 
U seems reasonable to expect that river water would not be contam- 
inated above emergency levels for long periods. 

10- ( > T be I a rge su r face areas o f impounding reser voirs a re ope ij to fall-out 
and the contamination of the water to hazardous levels is therefore 
possible. It is worth noting in (his connection that one of the normal 
methods of water softening in current use in some Industries, known 
as the base or ion -exchange process, could remove nearly all the 
radioactive matter dissolved from fall-ouL 

10. TO As explained in paragraph 10.7 It is proposed to cut off water which 
is contaminated above the tolerance levels. It is no I possible to say 
for how long, because this would depend upon the level of contamin- 
ation and the availability of other supplies of fresh water. It would 
be important for householders to store as much water as possible in 
order to provide a reserve supply for emergency use. The utmost 
economy should be exercised in the use of these supplies, some of 
which should be kept near the emergency refuge. 

fnduslrial cooling water 

1W.1I Many industrial installations have a small reservoir and recirculat- 
ing system for cooling water. If possible, the exposed water surfaces 
should be covered to prevent entry of heavy fall-out. If fall-out did 
enter, much ul it would sink to the bottom or become absorbed in 
grow ths on the bottom: and walls of the reservoir, and if the depth 
of water was more than three to four feet, it would be an adequate 
radiation shield. Provided the water was not used for human con- 
sumption the soluble radioactive content would present a negligible 
external radiation hazard when the cooling system was in use* 

Sewage disport I 

10.12 The harmless disposal of sewage normally depends at some stage on 
the action of micro-organ isms. The risk of injury to the micro- 
organisms by fall out is negligible. The main hazard would be 
possible leakage of radio -strontium, radio-barium and radio- 
caesium through the sewage plant into a river used as a source of 
drinking water not far downstream. 

10.13 In the event of widespread fall-out in built-up areas, much of the 
fall-out might be washed by rainfall or in decontamination opera- 
tions down the gutters and into street drains. To a large extent it 
would be 1 rapped i here until it decayed but it would not constitute 
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a significant hazard to the public because of the depth of the drains 
undergo urnd. Collaboration of sewage, water and river authorities 
would be necessary lo dispose of the con la ini nated drainace with 
^ l t h ;™ t0 wat .f WPli? and to sewage plant. c,g. bv arrange- 
ment to by-pass it through storm overflows and to stop drawing 
drinking water supplies from the river during this period. 

Food stocks 

It i& nol the purpose of this pamphlet to review the administrative 
problems which would face the Ministry of Agriculture, Fisheries 
and Food after the widespread destruction and the disruption of 
communications, and transport consequent on a nuclear attack on 
Uits country. Official reviews of these problems and of the steps 
being taken to deal with them have been published elsewhere* This 
section will be confined, therefore, to basic advice for the protection 
oi people and animals, and their sources of food. 

Many communities isolated by heavy h, 31-out would have to rc!v on 
thuir available- local slocks of food, including that in houses and 
retfld shops, for an indefinite period until arrangements could be 
made for emergency feeding, ft is of vital importance, therefore, that 
m? load be wasted. I he monitoring organisation will separate dean 
tmm contaminated food and unless the latter is perishable ii must 
be retained Linuf specialist advice has been obtained on how to salv- 
age the maximum amount. 

10.1ft Gamma radiation has no harmful effect on foodstuffs except at dose- 
rales Lit in excess of those likely to be encountered where food 
survives any nuclear detonation. Neutron bombardment might 
induce some radioactivity but ibis would not occur outside the area 
of complete destruction and by the time such food could be salvaged 
,l would be safe to consume. The only significant hazard to food, 
■tp.i r ? f rom growing crops, would be the deposition on it of radio- 
active tal Rout which might eventually find its wav into the human 
body, food con lamed in impervious wrappings would he sale to eat 
pi m uled that the wrapping had not been damaged physically ll 
on Id be sale to eat provided care was taken to remove the fall -out 
[ txterj . ur ° the container and to prevent contamination of 
me contents when the container was opened This would apply also 
o food m paper wrappings provided (he paper had not been soaked 
with wet fall-out or by subsequent rain (see paragraphs U9 and 


Growing crops 

10.17 Heavy fall-out would, of course, preclude any possibility ofljftine 

U t lU ! 1 W L,UISCtratt: ral| cn sufficiently to permit limited and 

aUeuhtted exposure periods. Crops contaminated with fall-out 
woufd need careful handling to prevent the transfer of radioactive 

mat,.., io the skin, hair or clothing and thence into the mouth nr 
into cuts and abrasions, 

NUK Rum crops should he fit for consumption after thorough washing 

^ ho , u d ^ and pod if the pods were washed 

before and the peas after shelling. The hearts of cabbage, sprouts 
- d Ictiuceshould be thoroughly washed after discarding the outer 

* See foomoie io paragraph 102. 
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leaves, Hard skin*fruits could be washed and peeEed but soft fruits 
should be discarded, Flour produced from cereal contaminated with 
fall-out wouEd contain only a small fraction of the original con- 
tamination. 

10.19 The effect of fall-out on crops would depend upon their state of 
growth at the time: if they were in the early stages of growth they 
wouEd absorb radioactive matter through the root system as well as 
becoming contaminated on the leaves or other parts above ground. 

I he contamination oe the soil present farmers with many other long- 
term problems. Most of the radioactive components in fall-out 
would not be washed deeply into the soil but would be retained in 
[lie lop Sew indies, and it would be general I v advantageous to dig or 
plough the contamination deeply into the soil and to add lime where 
there was lime deficiency as this would reduce [he upSahc by plants 
of any traces of radioactive strontium which might be present. 

Livestock 

10.20 I ive stock are affected by fall-out and by radiation in much the same 
way as human beings. They can suffer radiation sickness, skin bums 
irom htll-out and internal injury to the gastro-mtestinol tract when 
fall-out is swallowed an food or water. As in human beings radio- 
iodine accumulates in the thyroid gland and rudio-strontiu ni accumu- 
lates in the bones of animals, In general, [he lethal dose depends on 
size, but among larger animals at tile and horses are slightly more 
sensitive and sheep and pigs slightly Jess sensitive than human beings. 
Except for dairy cattle and breeding stocks, the lone-term effects of 
radiation would be of little consequence because, normally, the 
animals would be slaughtered long before i lie he effects could become 
manifest, 

l(L2J 1 he flesh of animals exposed to initial gamma flush or to residual 
radiation from fall-out (unless they are in Hie last stages of illness) 
would be ht for human consumption provided the hones and the 
offal were discarded. 

Hk22 Where practicable, animals should be put under cover and fed with 
clean food and water, priority being given to breeding stock and 
dairy cattle. 

Milk and eggs 

10.23 Cuttle secrete in the milk a considerable proportion of the radio- 
iodine and radio-strontium they absorb. It is anticipated that over 
large areas ot the country the milk produced by cows grazing in the 
open would be unsafe for infants Fed entirely oit milk. If facilities 
were available it would he possible tn save contaminated milk by 
converting it into butter and cheese and storing these products until 
the radioactivity had decayed, or r in the last resort, by feeding it to 
animals, e.g. pigs and poultry. 

Ilk24 the risk of serious contamination in eggs is relatively small, and 
the risk would have to be accepted when there was a shortage of 
tood. In cases of doubt (when poultry were known to have eaten 
heavily contaminated feed) the eggs should be preserved and stored 
until they could be tested for radioactive content. 
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CHAPTER XT 


Summary of Methods of Protection and 
Decontamination for the Individual 

Protective prepara lions to be taken in an emergency 

1 M All windows ond skylights that have a direct view of some pan of 
the sky should he whitewashed, The whitewash would reflect much 
° , heat o I the fireball and so help to stop the heat rays from 

getting mside the budding and setting fire to inflammable object*. 

1[j ’ Alc * cs acd io,K should be cleared of all inflammable materials. In 
other parts id the building. anything inflammable should be re- 
moved from the vicinity of windows and other openings. e.g. piles 
of newspapers on a window-scat or a table near a window. w 

lU < imams should be removed from window* or made flameproof by 
soaking tn a fire-retardant solution*. 

11.4 Baths should be kept full of water and buckets of water should be 
placed m -ill rooms ror the quick extinction of fires, clowinc wood 
fabrics, etc, 9 - 


U.5 The family refuge should be prepared. This should be in the base- 
ment nr cellar m i here is one; otherwise, an innermost room on the 
ground floor, farthest from external walls and protected by the maxi- 
mum total thickness of waits on all sides, should be chosen. If a 
last-war garden shelter is available, the earth-cover should be 
thickened to about 3 ft. 


1L6 J ]K \ windows of the refuge room should be blocked up or shielded 
so that they give protection as good ns thiiL from the rest of the walls 
°| * he e £- erecting a "wall 1 * of sandbags or of boxes filled 

wadi earth or sand built up outside the room up to a height of b ft 
above floor level (or to I he top of the window if it is overlooked bv 
trees or by higher ground within UK) fL). 

11.7 Slocks of first aid material, and adequate food supplies for about 
one week should be collected in or near the refuge: food should be 
in tins or m waterproof containers or, where appropriate, wrapped 
tn greaseproof paper and put into tins to protect it from plaster 
class and other debris if the house is damaged 


1 1.8 A supply of drinking water should be stored, in jars nr bottles pre- 
ferably sealed, but ai least covered to keep out dust. 

«££ ^£^£SK£ft£S!* ,te wM,on u,id ,h = «*** ***» 
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IIh^ Should there be no indoor W.C., sanitary facilities for use during 
occupancy of the refuge should be provided, 

1IJU tn large buildings* natural ventilation should be considered in 
choosing refuge rooms particularly in a basement. While electrical 
power remains available, fans should be used either to expel the air 
from the refuge room through an external vent or to draw fresh air 
l rent other spaces within the building. If the building has a forced 
ventilation system, downward-facing air inlet pipes should be fitted 
externally and the ends covered with a fine wire gauze screen. If the 
electrical power fails, sufficient natural ventilation can be achieved if 
| he selected refuge room has an ordinary fireplace and chimney or if 
it has a ventilation grid near the ceiling opening to the external air, 
or to some other large space within the building and if, at the same 
lime, the door of the refuge room and all other internal doors on that 
floor are kept Open. 

If neither of these conditions Is fulfilled, holes could be made near 
the ceiling in one of the internal walls of each refuge room, opening 
into larger spaces within the building, 

II. LI Bunks or mattresses should be provided as liberally as possible in 
each refuge room ; a person needs nearly twice us much oxygen and 
exhales twice as much carbon dioxide when sitting as when sleeping 
anil still more when standing and walking about. 

Protective measure* during nnd a her a nuclear attack 

People caught in the open 

11.12 No one should be out of doors after a warning of attack had been 
given except those whose duty required them to do so. Such people 
would have a specific refuge in mind or at least would know at any 
moment how to obtain the "best protection against the various effects 
or nuclear weapons, 

1 1.13 It you were out in the open nnd you saw the flash of the explosion 
of n nuclear weapon, you might be temporarily biinded hut you 
should try immediately to get behind the best nearby cover that was 
available, so us to obtain protection from the heal rays and from the 
effects of the subsequent blast wave and flying debris. Cover on all 
sides us well as overhead would, of course, be the best: failing That, 
you should get behind a wall or other solid structure. If there was no 
other cover, you should fie face down on the ground (in a ditch, 
gutter or other depression, if possible) using your arms, ora coat or 
jacket, lo cover the head and any exposed skin, 

1L.1-1 After the blast wave had passed there would be ample time before 
the start -oil hill-out [about hall an hour in the case of a large bomb) 
to enable you to get into a prepared refuge against the fall- out. 

People In refuges 

H.I5 After the blast wave had passed a quick inspection should be made 
of ail rooms in the house or building, including spaces under the 
roof. Fires which bad started and ail glpwinu wood or other material 
should be extinguished . 
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IMG L.Tgem repairs or weatherproofing which could be completed 
wulmi half an hour should be: done. Curtains or sliced should be 
lacked over broken windows to keep gross amounts of fall-out from 
ciag blown into (be roomi. There would be no cause to worry 
about Small amounts of fall-out getting into damaged parts of the 
house-— provided it was not allowed to get into food or water con- 
sumed m the refuge room., If dust was visible later in any room ii 
should be swept and dumped outside, 

H.n Except possibly in the area damaged by a nuclear explosion, two 
separate fall-out warnings* would be given, the/rr.vj to indicate that 
MJ[-out was likely* i.e. might arrive at any time after 1 hour and the 
When it was imminent. After the blast wave had passed and 
unti I (he imminent warning was received all necessary help and first 
aid should be given to neighbours, 

Proteeiifc measures after fullnjut had ceased 

1118 Vou * ho ^ remain in the refuge for the first 2 days after the explo- 
sion or until you had been told that your district was free from radio- 
active fall-out. If you did not receive any instructions you should 
slay m your refuge us long 35 possible (i.e. you should not remain 
any longer than was necessary in other parts of your house). Above 
. * ' <lU sfl0ulLi fot go oul of doors until you received further 
instructions, ii you were well inside the fallout area it might not be 
possible to gel further information or instructions to vou until the 
third or even fourth day after the explosion, 

IU9 These instructions would tell you how many hours you might safely 

?Eh?^ e f] Ch ° r V 1Ur TCfu F W in othcr Parts or your house 

( I l re the slue] ding es less) and (ft outdoors getting food ration* 

“H ur„cM e f ds fc yj™” family. They would also tell you WHERE 
and W HEN to go for these food, water and medical supplies so that 
you^woufd not have to wait and be exposed unnecessarily to a high 
dose-rate. W hen you had to go outside for this purpose you should 

" S{ Y/ po ? Sjb e ’ t 3 uick of transport (bicycle or car) so that vou 

could reduce your exposure outdoors to the absolute minimum 


11 , 21 ) 


11.21 


11.22 


The .id vice given to you would depend on the ivpe of house you 
lived m and amount of shielding ft afforded against gamma radi- 

frJ-Ho.t -■! n dVK hi Wi >i d be des ^ ned to let Y ou have as much 
freedom as possible without incurring radiation sickness, it would 

Se^ic? Itricily™ & " d alE nwmbers of Y our should follow 

ll you did not receive instructions before the end of the third day, it 
3 bc tojuse you were in an area of high dose-rate, If so, it 
. lhu ni0rt necesji f l T' for you and your family to remain 

"r ^ r ? om - lo ^ snd 35 time as possible in other parts 

U Hie house and to avoid outdoor exposure until you had been told 
what you might safely do, 

IN he dose-rate i n your urea was above a certain intensity you would 
oe given advance notice of arrangements to dear people from the 

mcthWIirv' “S w house b >' ll0LJse - You would be told 
exactly U MEN and WHERE you would be collected, You would 


* See paragraphs 3.4, 3.5 and 
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have (o he ready n\ the exact rime acid place; otherwise, you might 
imperil not only you r own life but the lives of those who were accept- 
ing heavy rishs T carefully calculated in time, in trying to rescue you 
and ytiur family and neighbours, 

Occonia in inn E i on of skin and cl frilling 

11.23 Uhas been explained in paragraphs 8. 1 1 to 8.13 that the hazard from 
contamination on the skin and clothing is a relatively miner one 
compared with the h aza rd caused by the general field of gamma 
radiation from fall-out. If you suspected that you had been con- 
taminated with radioactive full-out you should use the Following 
decontamination procedure as soon as von got to your refuge: — 

{ft) Remove all outer clothing and place it in it room or cupboard 
separate from your refuge room. It would l>e useful to have 
bags of polythene or similar material into which contaminated 
articles could be placed since the bags could be handled later 
with a much smaller risk of spreading the contamination. In 
removing the outer do thing, care should be taken not to shake 
it as this would disperse radioactive dust unnecessarily into the 
atmosphere. 

{ft) The hands, head and neck should then be thoroughly washed 
and scrubbed with soap and warm water while bending over a 
hand basin. This washing should be repeated at least once, 
taking care to brush under the nails thoroughly. 

11.24 If you had been covered heavily with fall-out, you might develop 
skin burns on I he exposed parts of the body but these would heal 
normally provided you had not also been exposed to excessive doses 
of gumma radiation. 

1 1 .25 Contaminated doth in g can be denned to a v ery considerable extent 
{almost complete removal of IbU-out particles) by either or, where 
appropriate, both of the following methods: — 

(o) Removal of dust from the clothing by means of an efficient 
household vacuum cleaner, or 

(ft) Soaking and stirring the clothing in a Solution of household 
detergent —cither ? minutes in a washing machine or 5 minutes 
vigorous stirring {with a suitable slick) in a bath or bucket-- - 
Followed by thorough rinsing in clean water, 

[)ccnni anti nation of roads and paths 

11.26 Jn urban districts, arrangements might have to be made to decon- 
taminate certain road ways and hard paths around houses which had 
to be used soon after the two-day refuge period and residents might 
be asked to help, A certain amount of decontamination could be 
achieved after a land burst by hosing or swilling contaminated hard 
surfaces with water if drams are available. 
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APPENDIX 1 

Akims and tilt structure of m alter: some definitions 

J . A little knowledge of the structure of matter helps towards an under- 
standing o£ the effects of nuclear weapons.. Matter consists of an assembly 
ol atoms oJ various cfcments interspersed in space at relatively great 
distances from one another. The metals iron and aluminium, the non-metal 
sulphur and the gases hydrogen, oxygen acid nitrogen an: among the more 
common of the 102 different dements now known and some of these 
elements like pau.tonm.ui are man-made. Each dement has characteristic 
chemical properties by which it can be distinguished from all the other 
dements, 

2 ; An Qtom of ‘ yn element is the smallest particle which can exhibit the 
chemical properties of that dement. For example, if single atoms of iron 
vwc broken up. ihe pieces would have the recognisable properties of ouite 
d '” erG u nl 1 elei!LcrUflr At0 ® sare exceedingly small, far smaller than (he limits 
ol visibility under a microscope: nevertheless, most of the matter contained 
m ^vh atom is concent rated in a central nucleus which is about 10.000 
times smaller. A nucleus always carries one nr more positive electrical 
charges and, in the normal stale, it is surrounded by a cloud consisting of 
an equal number of negatively charged particles called electrons, so that the 
.jtom as a whole is deeiricaily neutral These electrons can be imagined as 
moving in orbits around the nucleus like planets around the inn. 

3. A nucleus contains two main types of Fundamental particle each of 
which is about U&W times as massive as the electron:— 

a neutron with no electrical charge, 

:i. proton with one positive charge. 

Because of the repulsive forces between positive charges, nuclei cannot 
approach one another veiy closely, but an uncharged neutron can approach 
and Inc another imdcij* without being repelled. The energy released in un 
atomic pile or i n the detonation of a nuclear weapon is pun of the large 
quantity or binding energy which holds the particles together in the 

■ I UVlvyJi 

4. J he chemical properties peculiar to each dement are determined by 

the number ol protons, i.e. the number of positive charges in the nucleus 
? ea[:l ’ atom. Consequently, [he elements can he numbered consecutively 
limn ihe lightest element hydrogen tone proton with an electron in orbit 
,nound it) up to the largest atoms of the recently discovered dement 
nohe ium which have :i nucleus containing 102 protons surrounded by a 
cloud of 102 electrons. r 

5. It is not possible for a nucleus to consist of protons alone, because the 
rcpu:>ivc lorces between the positive charges would make them ih apart' 
in nuclei containing more than one proton this is prevented bv the presence 
ot the neutrons and by the attractive forces between the different funds - 
menial particles in close proximity. The atoms of all die elements, with the 
exception of the simplest type of hydrogen atom, contain at least as many 
neutrons as protons and the larger the nucleus, the greater is the excess of 
neutrons over protons needed to hold the nucleus together. 
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6. A]! moms of one elemenl contain the same number of protons but they 
may havedifferent numbers of neutrons. Thus, several atomic species of the 
same element are possible and these are called isotopes of tbit element. 
There in a limit to the number of possible isotopes of each dement and 
those which contain too many or too few neutrons are unstable or radio 
active and disintegrate sooner or later, by expelling neutrons or electrons 
I resulting from the conversion of neutrons to protons) in order to restore 
the balance in the ratio of neutrons to protons needed for stability. Under 
those circumstances the electron expelled at high speed from the nucleus is 
called a beta particle. A succession of changes or disintegration may occur 
before a stable nucleus is formed and, in many of these, excess energy may 
be emitted also in the form of gamma rays, an electromagnetic radiation 
like light or X-rays but of much shorter wavelength. A rrequent occurrence, 
particularly among heavier radioactive atoms, is the expulsion of an alpha 
particle which is, in fact* the nucleus of the gaseous elemenl helium (con- 
taining two protons and two neutrons) without its two outer electrons. 

7. The element uranium found in nature is a mixture of isotopes but 

of it consists of atoms with 92 protons and 146 neutron s, ;ix, a Lota! of 238 
mass units in each nucleus: hence, this isotope is referred to as U-238. 
Another isotope. U-235, with 92 protons and 143 neutrons found in natural 
uranium to the extent of about 0-7 per cent,, was the explosive material 
used in the first, atomic bomb after separation from the U-238. 

8. I he plutonium isotope Pu-239 (94 protons plus 145 neutrons) is an 
artificial one produced in an atomic pile from U-238 and the isotope of 
uranium U-233 is produced similarly from ihnrium. All three of the above 
isotopes can be used as explosive charges in nuclear weapons. 

9. Uranium and plutonium arc heavy metals near the end of the con- 
secutive list of elements. At the other end of [he list, the lightest element 
hydrogen has two additional rarer isotopes and all three have nuclei con- 
taining only one proton. One of these is called deuterium because of its two 
units (one proton plus one neutron) and the other tritium because of its 
three units (one proton plus two neutrons). Roth deuterium and tritium 
are used directly or indirectly as lire nuclear explosive charge in a thermo- 
nuclear or hydrogen bomb. 

Nuclear fission 

10. The isotopes U-233, U-235, and Pu-239 are radioactive and their 
atoms disintegrate by expelling alpha nr beta particles or gamma rays from 
the nuclei, tint there is another way in which these atoms can break up, 
Wlien they capture, or are hit by, a neutron, each nucleus splits up into two 
not quite equal part*. At the same time, two or three other neutrons are 
released. This fission process is responsible for the large quantities of 
nuclear energy released in an atomic pile or in the detonation of a nuclear 
weapon. The fissile charge even in a small nuclear weapon although it may 
weigh only several pounds, contain multiple millions of atoms and these 
do not all split up in quite ihe same way. The products of fission contain 
therefore about 200 different radioactive isotopes of about 35 elements. 

Critical sizes of fissile charges 

1 1. When a piece of fissile material is below a certain critical size, a few 
of the atoms arc continually undergoing fission but more neutrons escape 
from its surface than are produced in lissibn and an increasing chain of 
fissions is not built up. If several pieces of fissile material, totalling more 
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Lbun tiie critical amount, arc suddenly brouglil together inside a slroim 
container or temper a nudeur detonation results. The critical *jze depends 
uron a number of factors including the density of the material i e whether 
it is solid metal or in porous, spongy form and also upon the mture or the 
(StoJ, '' llelhcri ' absorbs neutrons or can reflect them barf. into the 

!l eJ e'i n fo ™ 1 ion su 88 e ^ jn uncoil lined sphere of 0-235 
muaj of about (A m. diameter and weighing about 4£ kilograms would be a 

f "T M b £ reiiLlwd to aboilt ij? - diameter (16 kg.) Tor 

K >^4 5 hTv h e n U h L Jp „ SL ' l V hc ?Z y lampiFm c hc critoi Si2cs for l- r -233 and 
Ki have not been disclosed but tire somewhat smaller than Tor U-235 

The increasing mechanical complication or bringing together rapidly and 

a ,r unh " r ' r / uh T ri,i ? 1 1*""* ^Si^a 

rtricticdl Jim it to the power of nuclear Fission weapons. 

Nuclear ftsisJon and thermonuclear weapons 

? f S 'T™ 1 ,tl,l[ic ’ n de 8 rees centigrade is reached in the 
,rnr. - f T 1 ?! weapon Al this temperature atoms tire 

«r rr-u ot most of i heir surrounding cloud of electrons and the nuclei 

Jvw s"? h ! gh srwJs cs rencncing many collisions with one another, 
t rulci these circumstances the nuclei of the rarer hydrogen isotoncs 
deuterium and tritium have enough energy of motion 'to overcome the 

fltvln r’T 5 r , CW b P t ’* e 5; lhcir sin elc positive electrical charges and they are 
* [0 btse together. I he energy released in the fusion of these turn nuclei 

hnt on fth ™ fe ** d in <»* fission ofa su.gV lJa35 nucleus. 

r I] ’ I 1 cc|ll ‘ l1 baais, the iusirn energy is about two and a half 

times as large as the energy of li-ssion of Ll-235. 

Llv In, !i he prOC< ? S !)f rusion 11 nL ' l| tron is released at a very high speed 
in. in each pair ot reacting inicJei and it has enough energy to split the 
commoner stores <*11-23*. Thus, if U-23S metal is used as thebombeSS 
^bm^elear weapon the quantity of fission products will be increased 

„ P,X7iT * n jf trililJm as , ‘“topes of the gaseous element hydrogen 

■mr. mv M ?' f. J a[ ;l Ve ? lo * ‘^petatore and maintained there for 
containment a thermonuclear weapon. This is inconvenient although it 

hisfvoc ln P hw d L hat lhe Amcrian H-bomb tested in 1952 wafof 
UlS^rS,' " !a ,* er *eapoiiM lie dent en urn is combined chemically with (he 

rtde'md bv'Ih ' m ! wb,te Powder. Each neutron (1 mass unit) 

SS™ by ihe } n mrmg fmion bomb splits a lithium atom {6 mass units) 

hi he I , M ;1:° dCE]V ^ he ^ m « n '»* and tritium (3 SaS S 
Tw h - S lr,, W,h ( lll! deuterium atoms present in the compound' 
rV ,!t *g Tlm,t * tiaa the convenience of delivery, to the size nfa 

^ cosilv SS Mr TT '"'f rt h rfaitt,ed rhat hihium is 

icps cosily than fissile materials such as 1 5-23.1, 1 1-235 or Pu-23 1 ). 

I h Helium gas. (he main product of u thermonuclear detonation is not 
r.i ' I "MCbvefhc nee the espresion -dean” humlo but the , c ■ ' , J 

X hlCh are a,so emi l ted “™* ^ other atoms, e g.HhcfcKe 
I 1th Inc nitrogen alums in the atmosphere nnd release a very intense and 

radial ™ ™ d >h«y may taduce intense 

SSEHS ™ 15 b ™‘ ” «■» 
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APPENDIX 2 
Scaling Laws 


Shock waves 

L Bias! damage from nuclear detonations depends primarily upon the 
peak pressure in the shock wave and the associated wind pressure hut also 
to some extent on the duration of the shock wave. The peak pressure and 
wind pressure decrease rapidly with increasing distance from the explosion 
(see Table 22 below), 

A comparison of Ihc hkist elTecfs of two detonations WiamJ Wj kiJotons 
in power is best made a l points of equal peak shack pressure. The compari- 
son can then be made of the distances Dj and of these points from the 
respective explosions, of the times ^ and u taken for the shock waves to 
arrive at these points and of the lengths of time {durations! Uj ami L 2 of 
the positive pressure phase at these points. All are related to the cube root 
of the weapon yield thus ^ — 

(i) Dj-J^jxD, 

Mi) &= 

(iii) Lj - L, 

and must be in the same units as must also he t 2 and L } as well as 
L 2 and L] . 

Example; f or weapons Wi=2Q KT and IQ M L. 

3 /Wj 

v ^y l = -^'5Q0=apprO3tiinflteiy 8. 

Hence Dj; ti and Lp 

TABLE 11 


Relation between static ovet^ressure. wind pressure and wind velocity Tor 
duumsaiun Bear mm level. 1 'Takui frutn the L-S, publication 
" Effects Htf Nuclear Weapons (1957J ”, 7HJ 


Peak static overpressure’ 

<P*t) 

Peak wind fircssttre 
ip. a. i.) 

Maximum hfa.u wind speed 
[tulle j per haw} 

72 

m 

1.1 70 

W 

■30 

i m 

30 

1* 

670 

20 

8 

470 

to 

2 

290 

5 

0.7 

160 

2 

0.1 

70 


• t.c. pressure above that of the atmosphere {14,7 p.s.i,). Reflected overpressures can 
be very much higher (paragraph 7.3), 
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Dimensions of Hie crater from a ground - burst weapon 

2. The dimensions of I ho crater (without the lip) from a t KT weapon 
bursl Oil saturated day are: diameter about 2 10 ft, ami depth about 1 8 ft 

S ™g 5 CU V J types of ground are given in Table 23 for a bomb 

ol W k 1 yield, I be diameter scales, as the cube root and the depth as the 
lOiirin root of the weapon power. 


Nature of tht Ground 

Saturated day 
Dry soil 
Hard nock 


TABLE 23 
Crater seating fuclors 

Dimensions of erm cr without the Up 


Harfiits (feet) 
105 tfW 
63 #W 


53 v W 


Depth tjeet ) 


IX vw 


2$ £'W 

2Q 


, j 

hate .’--The ra4rus of the eraier with its lip i* roughly twice thai of 
the Crater alone 

Volume of crater n x (radius}* 

Fireball rfiimnnitms 

1 Maximum diameter 460 W -/? (in feel for W in KT). 

There is no simple scaling law for thermal effects of weapons of different 
powers isec paragraphs 5.5 and 5,10), 

Stabilised ekmil: heights and dimensions 

4, The following styling fans hold for detonation t of I 00 AT and upwards 
rnpm irr:\ wdoud behaves Eiu Hal disc of approximately constant thick' 
ness ot 25 t UOO feet 

Altitude of top of disc H (feet) = 23*000 log , n W (W in KT) 

Altitude of base of disc B (feet) — FI -25,000 

Diameter of disc (Fret) = 3,200 v W (W in KT) 

For detonations of less than 100 KT in power the cloud h more dome 

i kM ^ T 1 ‘ llld iliere ls 110 ^ mpk *al'ig lilW - rhe few figures in 
[ ,lhk > 4 h il ve hcen ¥ ken tTom and 2*3 of the Report of the 

Ameren Cumss Hearing* ,m 27th May to 3rd June. 1957, Part I 
(The Nature of Radioactive Fall- out and hs Effects on Man). 


Weapon 
power AT 


TABLE 24 

Cloud ilimendunsi fur less than tou KT 

MitsAroo/H cloud dimensions {feet) 

UeifihT to top H e j#h t t0 { Hl ^ f Maximum diameter 


46.000 

42.000 

34.000 


35,000 


36,000 


32.000 

27.000 


30.000 


20,000 




Contour areas 

5, Areas within reference contours having ilic same dosc-raie value*, scale 
in direct proportion to the fission yield of the weapon. 

Time taken by particle* of different sizes to fall from different attitudes 

6. Notes: Fall-out within the limits of the downwind dose-rate contours 
ii expected to consist mainly of radioactive particles within the size range of 
350 to 75 microns (i.e, 0 -35 to l) <075 millimetre}. For a 10 M I’ weapon, the 
activity in the cloud will be almost entirely below 80.000 ft. 

1ABLE & 

rime in hmirs fur parlidi-s of dilR'rent sixes (n r>ti] ut che ^ruuuU from 

hjjttititHl heights 


Panicle size — microns 

500 

350 

200 

100 

?$ 

FulEin* to ground from 

hours 

hours 

hours 

hours 

hours 

SG.OOOft. 

1.6 

2.3 

45 

12 

n 

fiO.001) it. 

1,3 

2.0 

3.7 

9.5 

17 

40.000 fi. 

1-0 

U 

2.8 

6,0 

12 

.30,000 fi. 

0,H 

1 2 

11 

13 

9 
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